UCRL-ID-131554

Neutron and Gamma (Density)
Logging in Welded Tuff

Wunan Lin

September 12, 1997

This is an informal report intended primarily for internal or limited external
distribution. The opinions and conclusions stated are those of the author and may
or may not be those of the Laboratory.

Work performed under the auspices of the U.S. Department of Energy by the
Lawrence Livermore National Laboratory under Contract W-7405-ENG-48.



DISCLAIMER

This document was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor the University of California nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed,
or represents that its use would not infringe privately owned rights. Reference herein to any specific
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, does
not necessarily constitute or imply its endorsement, recommendation, or favoring by the United States
Government or the University of California. The views and opinions of authors expressed herein do
not necessarily state or reflect those of the United States Government or the University of California,
and shall not be used for advertising or product endorsement purposes,

This report has been reproduced
directly from the best available copy.

Available to DOE and DOE contractors from the
Office of Scientific and Technical Information
P.O. Box 62, Oak Ridge, TN 37831
Prices available from (423) 576-8401

Auvailable to the public from the
National Technical Information Service
U.S. Department of Commerce
5285 Port Royal Rd.,
Springfield, VA 22161



University of California
| Lawrence Livermore Y No:  TIP-NF-31
tL' National Laboratory §' R NFO RMAT ON @NL Revision: 1
YUCCA MOUNTAIN PROJECT Change Notice:  CN TIP-NF-31-1-1
Technical Implementation Plan Page: 1 of 5
subject: AUTHOR:
NEUTRON AND GAMMA (DENSITY) LOGGING IN WELDED TUFF W. Lin

fraining Required: Yes[§ No[:j
somments:  Training required for personnel involved in Hydrological Property Measurements for
Large Block Test

REVISION HISTORY

Rev. ’No. CN No. Effective Date Description of Revision/CN
0 5/26/94 Initial issue.
1 7/12/94 Changes to text, change in

section numbering.

1 CN TIP-NF-31-1-1 9/12/97 Text changes made to responsibili-
ties; addition of 503 DR Hydroprobe
Moisture Depth Gauge Operating
Manual as addendum. Affects Title

Page and pages 2 and 3 of 5.
APPROVALS:
! < ﬁ//z- = >
W Clarke, CRWMSLLNL Manager Date
<
‘6 (/\ﬁ—(nm m k/p D Q— (¢~ 9,7
'E. Monkg) Engineering Assurance Manag (Date

/ %&% ?/ z/ 7

D. ;Zi’ Wilder, Technical Area Leader s Date



i



Revision: Date: Page:

TIP-NE-31 CN TIP-NF-31-1-1 2 of

1.0 PURPOSE

This Technical Implementation Procedure (TIP) describes the field operation, and the management of
data records pertaining to neutron logging and density logging in welded tuff. This procedure applies to
all borehole surveys performed in support of Engineered Barrier System Field Tests (EBSFT), including
the Large Block Tests (LBT) and Initial Engineered Barrier System Field Tests (IEBSFT) - WBS
1.2.3.12.4. The purpose of this TIP is to provide guidelines so that other equally trained and qualified
personnel can understand how the work is performed or how to repeat the work if needed. The work
will be documented by the use of Scientific Notebooks (SNs) as discussed in 033-YMP-QP 3.4, The
TIP will provide a set of guidelines which the scientists will take into account in conducting the mea-
surements. The use of this TIP does not imply that this is repetitive work that does not require profes-
sional judgment.

2.0 SCOPE

This TIP applies to all density logging and neutron logging for water content performed in support of
EBSFT - WBS 1.2.3.12.4.

3.0 RESPONSIBILITIES

The Task Leader for EBSFT - WBS 1.2.3.12.4 is responsible for assuring that this procedure is used.
The Task Leader is also responsible for assuring that any changes to this procedure are reviewed and
incorporated in the next revision.

4.0 DESCRIPTION OF PARTS/ASSEMBLAGE AND CHECKOUT

The operations manual (Campbell Pacific Nuclear Corporation, 1984) for the logging tools describes all
the components of the logging system used. It also describes the appropriate assemblage and checkout
procedures. A copy of the operations manual will be attached to the “Field Copy” of this procedure.

5.0 FIELD MEASUREMENTS

The field measurement sequence includes measurements of a standard outside the boreholes and mea-
surements within boreholes for moisture or density testing.

a) Measurement of Standard Counts: The calibration of the moisture or density system is made
in terms of a ratio to standard count made with the probe secured within the shielded surface
unit or a special calibration fixture. A log will be kept of the standard counts taken before and
after each borehole survey, or suite of surveys (i.e., at the beginning and end of each day's
surveys), to allow the user to determine when a defect occurs and the rate of change per unit

time of course. Selection of an appropriate base station location is discussed in the manual of
operation.

b) Borehole Logging: Instructions on how to operate the tools are described in the operations
manuals. Additional operational requirements are as follows.
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1)  Counting time: The counting time at each sampling location should be at least 16 sec-
onds for the neutron measurements and at least 240 sec (4 min.) for the density measure-
ments with the probe remaining immobile during counting.

2)  Sampling Interval: The maximum sampling interval (i.e., the distance between individual
sampling locations) should be smaller than the radius of investigation of the probe. The
radius of the investigation of the neutron probe is a function of the water content of the
rock and can be estimated using the formula supplied by the manufacturer in the opera-
tions manual. The sampling interval used will be selected such that there is an overlap in
the volume of investigation of approximately 20% between consecutive sampling sta-
tions. There is no known formula to calculate the radius of investigation of the density
probe. The present judgment is that it will be of the same order as that of the neutron
probe.

The range of depths to be sampled in each borehole will be determined based on the
results of geohydrologic scoping calculations. The range of depths to be sampled should
completely include those sections of the rock mass which according to the scoping
calculations will undergo detectable changes in moisture content during the experiment.
At present, there is no information available regarding what is the smallest change in
moisture content which can be detected with this logging system. The judgment is that a
change in moisture content of a few percent of the original value may be detectable.

" Thus, it is recommended that the section of the borehole to be logged include (as a mini-
mum) those sections where changes in moisture content of 3-4% (relative to the pristine
value) are expected. :

6.0 ECORD

The data collected during neutron and density surveys will be recorded manually in SNs. The records
will identify the borehole, date and time, and persons conducting the survey data. The survey data will
include the standard counts obtained before the logging run. If a number of borehole surveys are
performed in one day, record the standard counts at the beginning and end of each day's surveys.
The depths at which each measurement was made, neutron counts (or density), and a standard count
obtained at the end of each logging run will also be recorded. The SNs will also list the times and date
when the rechargeable battery pack of the unit is recharged and of any maintenance performed on the
tool. SNs will be handled in accordance with procedure 033-YMP-QP 3.4.

Documentation of the methods or procedures used to perform the test/activity will be provided in the
SNs and the method or approach used will be determined by the Principal Investigator or the person
assigned by the Principal Investigator to do the work. As such, deviations from the suggested or typical
approaches outlined in this procedure are allowed based on the technical judgment of the scientist
responsible for this activity. Revised procedures will then be prepared to reflect changes, when appro-
priate.
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MANUAL CHANGE NOTICE S03DR
VERSION 503A-~230

To take a standard count press: STD, step till the gauge displays "NEW STD?" and
press ENTER. '

in Format the gauge now allows a record to contain O to 99 keydatas and 0 to 99
readings.

Selftest has been removed from the Menu.
While taking a count the display shows "COUNTING".

While taking a reading in Log Mode, the display shows “COUNT N, where "N" is the
number of the reading as defined in format and counts down to “1%.

. The displayed units are: CNT, RAT, PCF, GCC, %V, IPF, AND CPC.

There are now provisions for 16 calibrations. A calibration may be selected by pressing
STEP until the number is displayed and pressing ENTER as described previously or
by selecting directly. e.g. press CALIB, 12, ENTER to select the 12th calibration.

The Format command now displays the number of records of storage after the “SET
FMT?" display. Press ENTER to complete formatting the gauge.

The version display now includes the model number. e.g. “503A-230"
The print dump format has been changed. The first line header include the new version:

number. In PRINT LP a top of form command is issued after the header and
calibration information and before starting the date print out.
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WARRANTY

CPN products are guaranieed against defective material and
workmanship for a period of eighieen (18) months from the date of
receipt by customer, or a maximum of twenty-four (24) months from
the date of manufacture, whichever comes lirst. Detlector tubes,
fuses, and batteries are guaranteed for (6) months from the date of

shipment from CPN.

Upon their prepaid return, CPN will replace free of charge any part
found to be defective within these warranty periods. CPN reserves
the right to repair all defective parts st our factory, or authorized CPN
service {acility.

This warranty is void if inspection shows evidence of abuse, misuse,
or unauthorized repair. This warranty covers only replacement of
defective materials and workmanship. This warranty does not cover
damage caused by exposure {o excessive moisture.

If, for any reason, this unit must be returned to our factory for
warranly setvice, please contact us for relurn authorization and
shipping instructions. include with the shipment: customer purchase
order number, CPN Company invoice number and date, serial number
of gauge and reason for return.
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1.0 GENERAL

1.1 INTRODUCTION

The Model 503DR HYDROPROBE, NEUTRON DEPTH MOISTURE GAGE measures the
sub~surface moisture in soil and other materials by use of a probe
containing a source of high energy neutrons and a slow (thermal) neutron
detector. The probe is lowered into a pre~drilled and cased hole (1.5 or
2 inch diameter). Hydrogen as present in the water in the soil slows the
neutrons down for detection. The moisture data is displayed directly in
units of interest on an above surface electronic assembly which is inte~
gral to the source shield assembly.

The gage s supplied with a 12 foot cable and five adjustable cable
stops. Additional stops and longer cable lengths are available.

Upon retraction of the probe into the shield, the probe locks automati~-
cally in place for transportation.

The complete assembly is supplied with a plastic shipping and carrying
container which contains; accessory items, cable, instruction manual,
charger, and other materials which the operator may wish to carry.



PECIFICATIONS

NCTION:

o
~o

ECISION:
UNT TIME:
MP:

WER:

TTERY LIFE:

VE TV E Yoo &

INSUMPTION:
CHARGE:
1SPLAY S

ATA STORAGE:

ATA OQUTPUT:
ALIBRATION:
NITS:

‘EUTRON SOURCE:

MCAPSULATION:
.ELDING:

HIPPING:

SPECIAL FORM
\PPROVAL:
SONSTRUCTION:
SURFACE UNIT:
PROBE: Model -2

Model -1.5

CARRYING &
SHIPPING:

Sub~surface moisture measurements.

0 to 32% vol, (0.32 gm/cc), (20 pef),
(3.84 in/fv).

0.246% at 246% vol at one minute.

1, &, 16, 32, 64, and 256 sec.

0 TO 700C operating.

AA NICAD batter pack (0.5 Ah) 8 cells.
$00-1000 Charge-discharge cycles.

6.5 mA avg. (allows more than

3000 each 16 sec counts).

14 hours at C/10 via wall charger.

8 character alpha/numerical Liquid-
Crystal Display. Easily

readable in direct sunlight.

3072 cells of: counts, identifiers,
or keyboard entry of auxiliary values.
Format operator programmable.

0-15 key and 0-15 count per record
R5232C serial dump to external printer,
computer, CRT or coupler.

8 ea user programmed (linear).

User selectable:

in/tt, pct, gm/ce, ¥ vol, cm/30cm,
count and count ratio.

50 mCi Americium=-241/Be

Double Sealed Capsule, CPN-131
S$ilicon based paraffin

Radiosctive Material,

Special form, H.0.S., UN2974
Transport Index 0.1

Yellow 11 Label

USA DOT 74, Type A Package

Usas011s/ss

Aluminum with epoxy paint
or hard~snodize finish.
Stainless steel wear parts
15.7#, 6.8"Wx7.0"Dx146.0"H
(7.12) ,€172.7x177.8x355.6)
2.38, 1.865% dis x 12.7"L
€1.063), (47,4 dia x 322.6)
1.78, 1,500" dia x 12.7"L
0.771), (38.1 dia x 322.6)
36.56, 26"W x 13D x 10"H
€16.56), (609.6 x 330.2 x 256)



1.3 INSTALLATION

1.3.1 GETTING STARTED

The stand~by power drain of the gage is less than the self-discharge of
the NICAD cells thus eliminating the need for a power switch. The DR s
always ON. When first received it is recommended that the gage be placed
on charge overnight to insure starting with a full charge.

You will have to set the gage to a configuration to meet. your fietd
conditions. To assist in understanding the gage initially, it is shipped
from the factory in the following configuration:

UNITS Inches per Foot
TIME 1 second
CALIB #1 Factory calibration in saturated and dry sand.

A (slope) approx 2.5 in/ft per countratio
and B (intercept) approx =-.06 in/f%t

$TD Standard count approx 10000 = 24
FMT 1 ID, 1 Keydata and 3 Depths allowing 279 records'

With the gage sitting on the nameplate on the shipping case press START.
The gage should take a one second count and display the equivalent mois=

ture of the wax in the shield. It should be approximately 2.4 inches per
foot.

Most of the commands are READ/STEP/WRITE. That is, when first called up
‘you read the display to see the current value, step to a new value and
then write (enter) the new value into memory. Try this by using the
following keystrokes to change the time from 1 to 16 seconds.

*%PRESS #w *%DISPLAY wx
READY
TIME TIME 1 (Read the current value)
STEP TIME 4
STEP TIKE 16 (Step to a new value)
ENTER READY (Write it to memory)

Do the same for Units, changing from Inches per Foot to X Volume.

«%xPRESS w#DISPLAY #*
READY

UNITS UNIT IF

STEP "UNIT ce

STEP UNIT 2V
ENTER READY

Take another count by pressing START. The measured result should be the
same as above except that the count should take 16 seconds and the dis-
play should be approximately 20.0% moisture by volume (which is equiva~-
lent to 2.4 in per foot in the reading above).



Please read the remainder of this manual

ction 2.5.1 is task oriented and describes the steps to use the gage
» take readings. ¥hen you are ready to take it further and Llog
-adings, read section 2.5.2.

ctions 2.1, 2.2, and 2.3 are function oriented describing what each
'y does.

.ctions 2.9 contain the necessary information to hardware interface the
ige to a computer or printer.

retions 2.7 and 2.8 cover the software interface information.
5.2 CABLE STOPS o

¢ gage is supplied with five each clamp "“{jEQYr“::¥E?EL‘“14~50
1 cable stops. This will allow taking ]
:asurements at one foot increments in a
0t zone up to five feet deep. For a
sgper root zone or for smaller increments
‘der more stops. Fig 1.3.2-1 shous s
~oss-gection of the gage. Use dt ¢to
ssition the first stop so that the mea~
zment point on the probe {(as indicated
y the band) is in the middle of the top
ot of the root zone. Its actual location :
ill depend upon how high the access tubes ° ey coomeommonndoneonmis 5,38
tick out of the soil. Install ail tubes :
he same distance.

- § 3 00

or example, if the base of the gage is 2.25
0" above the soil and you want to take 1.00
se first measurement at 6“, place the i | 0.00
top at 5.35 + 5.0 ¢« 6.0 = 16.35" above ‘ —
he stop reference line. LﬁL&OJ

3.3 TUBE ADAPTER RING FIG 1.3.2~1
he bottom of the gage contains an oversize hole to allovw inserting an
dapter ring with a diameter to match the type of sccess tubing being
sed. The ring is secured by a screw through the front of the casting.
nless specified otherwise at time of order, an adapter ring for alumi-
um tubing will be supplied. Adapter rings for other type (e.g.
jameter) are availsble from CPN Corp. or can be constructed lLocally.



2.0 OPERATION

2.1 CONTROLS AND DISPLAY

lost functions are directly entered by pressing the appropriate key.
ptions are reviewed by STEPing, and selected with ENTER.

Key Function
D-WET Display latest wet density reading (501 only)
D-DRY Display latest dry density reading (5071 only)
WATER Display latest moisture reading
UNITS Select measurement units (CT,RO,PF,IF,GC,CC,ZV)
TIME Select counting time (1,4,16,32,64,256) sec
CALIB Select calibration (1..8), and optionally:
COEFF Enter coefficients directly
SLFCAL Semi~automatic calibration
LOG Log a tube site record
REL - Recall a record for review
PRINT bump records to external device
PRINT €D Pump to an active device (Computer Device)
PRINT P Dump to a passive device (Line Printer)
MENU Select misc function: :
SELFTEST Self test of circuits (destructive RAM test)
BAUDRATE Select baudrate (110,300,1200,2400,4800,9600)
ATTRIB Set attributes for the Print LP dump. 3 ea .
. Prefix, 3 ea Suffix, and a Top of Form.
SERNO Display/Enter a four digit serial number
VERSION bisplay software version . ~
8Tp bisplay/update standard count summary
FHT Set record format, clear records
START Take a reading
CLEAR(NOD) Clear, abort, "NO“
STEP Mext, skip, toggle
ENTER (YES) Enter data, make selection, "YES"

STEP & CLEAR

Display

TN EDD 500> O Bt

“READY*

0% o8
@

ll‘ﬂ

Master Reset (Hold STEP down and press CLEAR)

Function

Gage is ready for operation.

Decimal point in lower left indicates
low battery condition.

Bar in left character with no
keyboard response indicates

ceutoff condition.



2.2 KEYBOARD LAYOUT
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2.3 KEYBOARD OPERATION

D~-WET (501 ONLY)
Displays wet density using currently selected calibration and units
(On a 503 returns to "READY™).

p=DRY (501 ONLY)
Displays dry density using currently selected calibration and units
(On a 503 returns to “READY').

JATER
Displays the most recent moisture reading in current units using
current calibration e.g. "1234 €T, If number to be displayed is
undefined (e.g. exceedes the display size) then "=,% CT" will
be displayed. “

UNITS
Display/Select measurement unit. Displays current unit e.g. “UNIT
If". To select new unit, STEP to .desired unit and press ENTER. If
~ CLEAR or another selection key is pressed, unit remains unchanged.

Mne Unit Conversion
cT counts/unit=time(16 sec disply) n/a

RO ratio (count/stdcount) n/a

PF ibs of water/cubic foot of soil 62.428

GC gms of water/cubic cm of soil 1.0

if inches of water/ft of soil 12.0

ce cm of water/30 em of soil 30.0

Al percent water by volume 100.0

The conversion numbers are shown for reference only. The gage
performs the conversion internally depending upon your selec~
tion of units. e.g. a readings in gm/cc is divided by 1.0 and
multiplied by 12 to get an equivalent reading in inches per
foot.



CALIB

Display/Select calibration (1 thru 8) and/or review/change its'
coefficients.

Before pressing CALIB, select the appropiate units and time via the
UNITS and TIME keys. If counts (CT) or ratio (RO) is the selected
unit the gage will display “SET UNIT". If SLFCAL is to be wused to
take a count, select a time of 256 seconds for maximum precision,

TO SELECT A CALIBRATION

Active calibration is displayed on entry e.g. “CALIB 4". To select
another calibration, STEP to the desired number and press ENTER.

When the prompt “COEFFS 7" appears press CLEAR to return to
“READY"™,

TO ENTER/CHANGE COEFFICIENTS WHEN THE COEFFICIENTS ARE KNOWN

Select the calibration number as above. When “COEFF ?* is displayed
press ENTER., Coefficient *A* is the stope, "B" is the intercept in
an expression of the forme

Pisplay = A x (ratio) + B
Where ratio is count divided by standard count
e et et N o P g P it 5N A e P N e b e et aI it

Enter A and B using the same units as previously selected by the.
UNITS key.

The current A" coefficient will be displayed. Press ENTER to ac-
cept it or change it via the numeral keys and press ENTER. Same for
"B". Returns to “READY"” after last coefficient entered.

TO ENTER/CHANGE COEFFICIENTS WHEN THE COUNTS ARE KNOWN OR TO BE
DETERMINED

Select the calibration number as above. Press STEP ¢ill “SLFCAL %
is displayed. Press ENTER,

“K1 “ Enter first moisture value in the selected units.

“C1 * Enter associated count or press START to take a count.
ENTER to accept, START to retake.

“p2 “ Enter second moisture value in the selected units.

*c2 “  Enter associsted count or START to take a count.
ENTER to accept, START to retake.

Either the low or high data pair may be entered first. When taking
& count place the probe in the appropiate moisture standard before
pressing START. After coefficients are computed and stored, display -
.returns to “READY". To review the coefficients use “COEFFS 7".




L.OG

RCL

Arms the storage mechanism to log a tube site record. As defined
previously by the FMT key, each RECORD consists of 1 each ID, O 70
15 keypad entries, and 0 to 15 depths. ID number, keypad entries
and depths start at the highest value and down count to 1. When LOG
is first pressed the current record number .is displayed. Press
ENTER to use it as the default ID number or key in a meaningfull
record number. The record number decrements from the maximum to 1,
each time a new record 1is logged. The record number is thus an
indicator of how many additional records may be logged.

Keypad fields are read/modify/write. i.e. it will first display
what 1is stored in that Location <(normally blank for a new
tocation). Key in a value and press ENTER to store the new value.
Press CLEAR to abort a wrong key entry. A keypad field may be
skipped by pressing STEP,

Moisture fields are stored the same except that value is from a
count initiated by pressing START. It may be retaken but will only
be stored and advanced to the next field when you press ENTER.

A record is not stored in the Llog wuntil the prompt "DATA OK?"
appears and ENTER is pressed. If at that time you press STEP
instead, the display will step around to the beginning of the re~
cord allowing it to be viewed and edited. To accept an existing
keydata or moisture value press ENTER or STEP. To change the data,
write over the keydata field followed by ENTER or press START for a
new count followed by ENTER. The corrected record is finally stored
when you press ENTER while "DATA OK?" is displayed.

To review the record log. On entry displays ID number of last re-
cord Logged. STEP back thru the Llog to the , ID number of desired
record and press ENTER, or enter ID number directly. i.e. 1234
ENTER. If the keyed in ID number does not exist, displays “NOT
HERE". Press STEP to acknowledge and continue STEPing from last
real ID. When desired ID is displayed press ENTER. Use the STEP key
to move across the fields of the record (like a window moving
across a tickertape).

Press CLEAR to step down the ID® s. Press ENTER to return to the

more detailed (evel. At the outer level you see the IDs only, at
the inner level the entire record.

PRINT

bumps record log to external device via the serial connector. For

“PRINT CD" press PRINT, ENTER. For "PRINT LP* press PRINT, STEP,
ENTER. ' : :

PRINT CD

Output formatted to upload record Llog to a computer di-
rectly or via modem. Includes a Lline count and with each
data line a checksum. Uses ACK, NACK software protocol to
control transmission.



PRINT LP
Output formatted for readability. Contains same informa=-
tion as Print CD dump without the Lline count and the
checksums and does not wait for a response.

MENU
Step down the menu choices and press ENTER to select a choice.

SELFTEST

Runs a comprehensive hardware check on the gage consisting 6F
RAM test, ROM test, Counter test, Timer test, Display test rand
Keyboard test. The RAM test is destructive. Do NOT run it if
the LOG data is important. Selftest takes about 2 minutes. You
must watch the display test to see that all segments are the
same, The keyboard test echos the key pad you touch. To com—
plete the keyboard test press CLEAR twice. A successful test
wiltl display “TST OK". If an error occurs, an error message
will be displayed at the end of that test. To acknowlwedge it
and continue the remaining tests press ENTER. To sbort any
test press CLEAR during the test.

BAUDRATE
Allows setting the baud rate for transmission on the serial
connector. When first selected, displays the baud rate cur~

. rently selected. Use the STEP key to step to a new rate and
press ENTER,

ATRIB

Allouws setting attributes into the PRINT LP output for spe-
cific external equipment. Has provisions for 3 each characters
at the beginning of transmission (prefix) and three each at
the end (suffix). A typical prefix would be to transmit an
ASCII decimal 15 to an EPSON printer to place it in the com~
pressed mode. A typical suffix would be an ASCII decimal 26,
which is reconized by a CP/H system as the end of transmission
of a file of data.

A Top of Form character (TOF) is transmitted for each 60 Llines
of data.

*“pxX1 00O~ 1st prefix character
»pxXe 00ov 2nd prefix character
“pxX3 000" 3rd prefix character
“$X1 000  1st sufix character
“$X2 Q00 Znd sufix character
©sxX3 026" 3rd sufix character
“TOfF 012" Top of form character

As shipped from the factory the prefix and two of the sufix
characters are nulls (0). One of the sufix characters is a
control Z (ASCII 26 for end of file in CP/M programs) and the
TOF is & control L (ASCII 12). The ASCII characters are
entered 83 their decimal values (0...127) by keying them in
and pressing ENTER>

.
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SERNO
Disptays the last four numbers of the probe serial number.
Press CLEAR to return to the READY display. The serial number
may be change by keying in a new number followed by ENTER.
This is useful when moving a surface electronic assembly from
one gage shield/probe to another.

VERSION

Displays the gage software version (useful for service
purposes) .

Displays standard count information and/or take a new std - count.
Initially displays the ggﬁggggﬂmgig;ggg_g;gndﬁndwggunmmLﬂSl. Step
to display previous moisture standard count (MP). Step again to
display the chi-square ratio of the current standard (MCHI).

(See section 2.6 for detailed procedures) To take a new standard
count press STD followed by START. The DR will take 32 each 8
second counts, with a 2 second warmup delay between each count
(4.27 minutes of counting). During each count period the previous
count number and count are displayed e.g.''24-1234". When the last
count is finished a NEW standard count based on the average of the
32 counts is calculated and displayed (it is displayed as an equiv-
alent 16 second count to be consistant with a normal count display,
and 30 will be twice the previously displayed 8 second counts).

Use the STEP key to view the CURRENT standard count (identified as
previous at this point) and NEW chi~sq ratio (continuing to press
STEP will cycle the display around the three pieces of standard
count information). If the difference between the new and current
standard counts and the value of the new chi=sq ratio are accept-
able press ENTER to update the standard count information. If they
are not acceptable press CLEAR to abort and take another new stan~
dard count.

‘To abort a standard count in progress, press CLEAR several - times:

until “READY" {s displayed. The standard count information will
remain unchanged, :

Display Pescription

1S 1234 Current standard count
“HP 1199 Previous standard count
“MCHI 1.16"  Chi-square ratio (std~dev)/(sqr-root of std)




FMT

Sets the record format, and clears the Llog space. On entry,
displays the maximum number of possible records to be logged in the
current format. e.g. “REC 279". Press ENTER. Key in the desired
number of keydata entries (0 thru 15) and press ENTER. Do the same
for depths (0 thru 15). When the gage displays “SET FMT?", be sure
you want to do it and then press ENTER. This clear the log, sets
the new record format, and start the storage at the top of the log
area. Be sure you have dumped the previous information before
clearing memory otherwise it will be erased. If you just wanted to
view the current format but not clear it, press CLEAR to abort.

To display the maximum number of records under this new format,
press FMT again. Press CLEAR to return the display to “READY" with-
out changing or clearing the format.

2.4 BATTERY

The gage is powered by a replaceable NICAD battery pack (500 mAh
capacity, 8 each cells). It is accessible by removing the four screws on
the front panel.. Also behind the front panel is 8 circuit breaker, The
red indicator should be showing for the gage to operate.

The charger, which is supplied with the gage, charges at the rate of 50
nh. This C€/10 rate will charge the gage overnight (14 hours) yet witl
not damage the cells if Left on indefinitely. The red lLamp on the char~
jer should be ON and the charger should be warm to the the touch.

The 500 wmAh capacity of these cells will atlow 3000 or more 16 second -
~eadings on a full charge.

‘he gage should be charged any time the decimal point in the Llower Lleft
»f the display blinks or turns ON, or before going into the field two or
wre weeks since the last charge (the cells have a self-discharge rate
f 14 per day at room temperature). It should also be charged prior to
waking a computer dump. The nominal battery voltage is 10.0V. The gage
urns the Llow battery indicator ON when the voltage drops to 9.60V. It

Ll not turn back OFF until the voltage has dincreased to 10.60V by
echarging.

f the battery is allowed to discharge too low,.the gage will sutomati~
ally go into a cutout condition to protect the battery cells. The dis~
ltay will show the lower vertical segement in the first character. The
eyboard will be inoperative. The gage goes finto cutoff at 9,40V
normally under Lload). The cutoff circuit is restored when the cells
ave been recharged to 10.40V. This takes about 20 minutes with a C/10
harger. If cutoff occurs, charge the gage overnight and press CLEAR.

efer to the Service Section of this manual for more on battery cells.



2.5 OPERATING PROCEDURES

To

S.1 TAKING A READING

take a reading Llower the probe to the appropiate depth and press

START. Before doing this you must select Units, Time and Calibration. If

you

select any units other than count, the gage must have a valid stan-

dard count.

|

| BT I e e e s |
| CPN CORP Model DR ] | | |WATER| |
| + 4 + 4 ++o~——-«-+|
1 | 4wt pooo—- + dmemmmed |
|| | |UNITS| | TIME| |CALIB| |
1| | ¢ommmed dome—e 4+ oot |
| +— + @ & dmmemed dommme + |
! | P | (I
| formmmod  Gonmmmmonds dponanemmamd |
e ¢ @ G dron & fammmomand 4 4+ 4 4 !
[ | START | | i1 I P [ P i
| + + < 4 + + + & + + ¢ + |
UNITS

The choice of display units will depend upon your use. Researchers
will normally prefer grams per cubic centimeter or percent volume,
while crop schedulers use inches per foot or centimeters per 30
centimeters. Counts are helpful for troubleshooting. It is the same
data only differing by the conversion factor.

Once the units have been selected, then each time a count is taken
the display will be in the units selected. '

TIKE
For 8 given counting rate the counting time interval determines the .
precision of the count. The Longer the time, the more counts and
thus the ®more precise the count. Correspondingly the longer the
counting time the lLess measurement that can be made in a day. Thus

the time d{nterval is normally selected as the minimum time that
will not sacrifice precision.

For scheduling type operation a count time of 16 seconds will pro-
vide sufficient precision to project the next irrigation date.

See the apendix section on Counting Statistics for a further dis~
cussion of precision.



CALIBRATION

The calibration will have been determined previously and the slope
(A and intercept (B) coefficients stored in one of the eight
calibrations. Select the one that is appropriate for the soil and
type of access tube.

TAKE A COUNT

Lower the probe to the desired depth and press START. While taking s
count the gage will display the time, calibration, and units selected.

1
|
| |==~ Units selected as inches per foot
|

|==- Calibration Number 1 selected

~==  Time selected in seconds

-== G0 or Count in process

The gage will then display the measurement in the selected units. .G
“3.88 IF",

The last reading may be displayed at any time, in the currently selected
units and calibration, by pressing the WATER key.

2.5.2 TO LOG READINGS

Readings can be logged by the gage as they are taken in the field. Each
tube site represents a record of information. Prior to storing any
readings you must define the format of the tube site record. After
readings have been logged, they can be recalled for display or dumped to
an external device. .

I + + + + 4 +
| CPN CORP Model DR | {1 L {
K + % + ¢ + 4 +
{ ] | 4 % 4 4 +
[ 1 L1 F tl i
|| | + + 4 + 4 4
| + + + R e T
l | L06 | | RCL | { {
I - & oo andls  Geaavaserarde b onosoroxowde
| + + 4 + + + + 4 4 dmmmomd §ommmod
| | START | | CLEAR | | STEP | | ENTER | | i { | FHT |
| + + 4 + 4 + 4+ + 4+ + 4+ + pomoced

D COTD G MO SEEED O AR SR D GRS COTES 0000 <

FORMAT .
Use the FMT key to format the data storage area to agree with the



tube conditions. For each access tube at which one record of data
is stored, the format will allow 0 to 15 keydata entries and/or O
to 15 tube depths (counts per tube). The gage always provides for
an identifier number (ID) for each record and stores the selected
calibration number {(1-8).

The total memory space available is 3072 bytes. The number of
bytes required in a record for each tube site is as follows:

FIELD BYTES
1D 2
CALIBRATION 1
KEYDATA 2

DEPTH (count) 2

Thus a typical tube site record format of of one 1D, one calibra-
tion number, one keydata, and three agepths (counts), takes 11 bytes
per record, and allows 279 records to be stored.

After the number of depths is entered the gage will display “SET
FMT?". Press ENTER to set the new format or CLEAR to abort.
Setting & new format clears all the data recorcds. DO IT EACH TIME A
NEW SET OF DATA IS YO BE STORED,

Press FHMT, ENTER, ENTER, ENTER, CLEAR to view the number of
records, keydatas and depths without clearing the data records.

«0G/TAKE MEASUREMENTS

Set units, time, calibration and format. Then to log a record of
information, place the gage on the access tube and press LOG. The
gage will display the number of the current record into which data
is to be logged. Since it down counts it is also an indication of
how many empty records remsin.

You can use the gage generated number -as the ID number to be
stored by pressing ENTER. To enter your own 1D number for this
record (access tube) key in any number from 1 to 65,535 followed by
ENTER., It @eay be meaningful to treat this number as more than one
numsber. i.e. consider the first two digits as a farm number
(allowing from 1 to 65 farms) and the last two digits as a farm
field number (allowing from 1 to 99 fields on any farm). Enter the

middle digit as 0 or use it to indicate an operator number from 1
to 9.

After entering the ID number the display will prompt for keydata
entry e.g. “Ki * (if selected by the FHT key previously).

Keydats entries allow you to use the gage to key in auxiliary in~
formation such 8s temperature, rainfall etc. This feature helps
eliminate errors in translating readings to note pads and then from
the note pad to the computer. (It is recommended that all field

data be hand recorded to prevent Loss due to subseguent equipment
faiture).

Enter the kevdata acs a3 number from 0 to 65.535 followed by ENTER.



Again it may be treated as more than one piece of information. i.e.
first two digits for temperature in degrees (Celsius and the last
two digits for rainfall in inches. A keydata field does not have
provisions for decimal points. They must be implied, not entered
directly.

Use any scheme which fits your field conditions. Just be
consistant from record to record. The Irrigation Water Management
Program available from CPN Corp. provides for entering the date for
a series of readings by setting the ID to “0" and the first keydata
to the date. e.g. 412 for April the 12th. Press ENTER without tak~
ing counts to skip the depth readings for this special record. AlL
records following until the next ID of "0" are then access tube
readingg., The IWM program expects that the farm number times 100
plus the field number witl be stored in the ID and the site  number
in the first keydata. e.g. for farm "1", field “2" and site “3" the
ID would be 102 and the first keydata would be 3,

1f you make an error in entering a number, press CLEAR and enter
the correct number. If you press CLEAR more than once in succession
it will cancel the record storage without saving any of the record
and return to the “READY" display.

If the gage does not accept the number (e.g. you try and enter a
decimal point) it will give a multiple beep and re=-prompt. If it
does accept the number it will prompt for the next keydata or if
all keydatas are entered it will prompt for a moisture reading by
displaying “TAKE M#* (# 4is the number of the depth position and
will down count from the maximum number set via FORMAT to 1).

Lower the probe to the correct depth and press START The gage will .
disptay dur1ng counting as follows:

{1 '
|| Units selected as inches per foot
|
|=— Calibration Number 1 selected

=== Time selected in seconds

L1
|
H
H
i
H
t
l

l

Log Count in process

When the count 1is completed the gage will display "ﬁ#" and the
value of the reading in the units selected e.g. "M3 2.6538", If the
reading is acceptable press ENTER to store it. If not acceptable
identify the reason and press START to take another, Thus the gage
«¥ill only store a reading if you accept and enter it, The display
will then prompt to take the next depth moisture reading. Move the
probe and repeat the process by pressing START. Cont1nue in this
manner until all depths have been recorded.

If you want to skip a depth (e.g. the bottom depth is flooded)
press STEP instead of START/ENTER. This is also useful if you have
some tubes with five depths and some with only three. Format for
five and skip two readings when on a tube with only three depths.



I1f the units "IF" or “CC" have been selected then after the lLast
depth has been entered or stepped over, the gage will totalize and
display the TOTAL MOISTURE in the root zone in inghes OF CM €.Q.
YTM 16,437,

Press STEP or ENTER and the gage will display “DATA O0K?"., Press
ENTER to log all the data for this record. The display will return
to “READY". If the data is not correct press STEP wuntil the bad
data is displayed (the display will start with the ID and skip
across the record). Correct it by a keydata entry or taking and
entering a new count. If you press CLEAR when “DATA OK?" is
displayed then the logging of that record will be aborted and all
data for that record cleared.

Use the ENTER or STEP key to skip to the keydata you want to change
or take a new count. When you again reach the end of the record and
“DATA OK?" 1s displayed press ENTER to log that record.

RECALL A RECORD

Normally the stored data will be dumped to a8 printer or computer,
it may also be recalled to the display by the RCL key. When first
entered it will point to the Last ID stored. Either use the STEP
key to step up the ID List (it steps back thru the List and circles
around at the begining) or key in a specific ID and press ENTER.
Use the step key to move across the record. If you continue
pressing STEP the display will advance up to the next record and
then across ett.



2.6 STANDARD COUNT

The standard count is a measurement of the hydrogen in the wax 1in the
shield. By taking 1t in exactly the same manner each time, it provides
two means for checking the validity of the counting function.

1) By comparing it with the previous standard count to see that it
has not changed more than an acceptable amount, it is an indication
of acceptable drift of the electronics. Americium—241 has a one-half
life of 458 years. It's decay rate is negligable.

2) By taking it as a series of short counts rather than one long
count and verifying that its statistical distribution is normal, it
is a means of checking that noise is not influencing the count.

PREVIOUS STANDARD COUNT

¥henever a new standard count is taken, the DR automatically holds the
current standard count in the previous count memory. This allows for
comparing the new count with the current count. The difference between

the two counts should be within 0.707 of the square root of the average
of the two counts 95% of the time.

Example: The current standard counts is 14400 while the previous
standard count is 14450. The difference between the two numbers is
50. The square-root of the average of the current standard count is
120.1 (one standard deviation). Since 50 is Less than 85, (0,707
times 120), the two counts are within acceptable limits and there
is no resson to believe the gage is malfunctioning.

£ it is more or if it is continuously changing in the same direction it
ndicates that service may be warranted.

AKING A STANDARD COUNT

ith the case on the ground, place the gage in
he CPN nameplate depression on the top of the
ase. No other radicactive sources should be
ithin 30 feet of the gage and no source of
ydrogen should be within 10 feet of the goruge.
he operator should stand back 10 feet after
tarting the reading.

o initate a new standard count press STD and
nen START.

e wax in the shield is not an infinite
stume, Thus a standard count taken in this
snner is subject to surrounding conditions. It
3  important that the standard count is taken
V the same conditions as that used to estab~




lish the calibration and that the conditions
are the same each time.

A more stable method to take a standard count

in an access tube installed in a 30 gal-
won or larger water barrel. To use the factory
calibration but change to a new method of tak=-
ing a standard count, modify the “A" calibra-
tion slope term by the ratio of the new stan-
dard count and the factory standard count. e.g.
the original factory standard count was 11,000
with an “A" slope of 2.6, while the new water
barrel standard is 33,000. The new “A" coeffi-
cient should be:

2.6%(33,000/11,000)=7.8

The verification reading of the wax in the
shield as per section 1.3.1 should be the same.

When a standard count 1% started, the gage will
take 32 each 8.0 second counts, turning the HV
power supply to the probe on with each count.
With each count, the display will show the
count number (32, 31, 30,02000,1) followed by
the actual 8 second count e.g. 30 7200". When
the 32nd count is completed the NEW__standard

count__is displayed e.g. *“MS 14400". It is
~ormalized to a 76 second count time, the same
% a normal display count.

Press the STEP key to view the CURRENT standard
count e.g. "PS 14500". Press the STEP key again

to view the Chi~-Sq Ratio of the NEW count e.g.:

“MCHI 1.16". Continuing to press STEP "will
cycle the display thru the three pieces of
standard count information. To update the stan-
dard count press ENTER while the display is in
this Loop. The current standard count will be
stored as the previous standard count and the
new standard count will be stored as the cur-
rent standard count.

(Note that the previous standard count viewed
above is actually the current standard count

until you press ENTER to accept the new stan-
dard count).

To- exit STANDARD without updating the standard
count press CLEAR. To abort a3 standard count in
process press CLEAR several times until “READY"
is displayed

If the gage is connected to a printer via the

~serial link (see section 2.9), individual
counts and summary information will be printed

- o ducrn D A .

SN 4840

~STATCT-
32-4398
31-4461
30-4489
29-4267
28-4572
27-4349
26-4360
25-4441
24-438
23-4407
22-4498
21-4481
20-4497
19-4343
18-4575
17-4513
16-4471
15-4407
14-4350
13-4411
12-4457
11-4443
10-4471
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§- 4508
7 492
b= 4481
5- 4489
&= 4410
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2- 479
1= 4423
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HSTD 88¢3
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Wt as shown in fig 2.6~1

ISCUSSION

aking such a series of 32 counts will result in a distribution of
ounts around a central value. The standard deviation is a measure of
he spread of these counts about that central value. For a random
evice, such as the decay of a radioactive source, the ideal standard
ieviation should be equal to the square-root of the central value.

f the gage is working properly, then the measured standard deviation
nd the ddeal standard deviation should be the same and their ratio
hould be 1.00. The Chi-Squared test is used to determine how far the
atio can deviate from 1.00 and still be considered acceptable. This is
imilar to expecting heads and tails to come up equally when flipping an

nbiased c¢oin but but accepting other distributions when only fliping a
mall number of times.

or a sample of 32 counts, the ratio should be between 0.75 and 1.25 for
5 % of the tests. Note that even a good gage will fail 5 out of every
00 tests. If the ratio falls too consistently outside, it may mean that
he counting electronics is adversely affecting the counts. Generally
he ratio will be high when the electronics is noisy. This might be due
o breakdown in the high voltage circuits or a defective detector tube.
he ratio will also be high if the detector tube counting efficiency or
he electronics is drifting over the measurement period, i.e. The aver-

ge of the first five counts is significantly different than the aver~
ge of the last five counts.

t will be low when the electronics is picking up a periodic noise such
s might ocecur due to failure of the high voltage supply filter. This

nould be accompanied by & significant increase in the standard count
ver its previous value.



2.7 PRINT

_Jtputs the contents of the record log to an external device (computer,

CRT Terminal, modem, printer, etc) via the RS232C serial interface
connector.

Two forms are available:

PRINT CD - for dump to an active device such as a computer (or
computer via a modem). Each Line of data includes a check sum and

requires a software response from the computer to insure proper
transmission of data. i

PRINT LP -~ for dump to a passive device such as a printer or CRT
Terminal. Same as the Print CD except no checksum, and the next
Line of data is transmitted without waiting for a response from the
receiving device. Also the data is formatted for ease of readabili-
ty and header information is included.

PRINT CD

4 simple software ACKNOWLEDGE/NEGATIVE-ACKNOWLWDGE handshaking scheme
(ACK/control=F, NACK/controt-U) allows the external device to control
the dump: ACK echoed in response to a received Line causes transmission
ot the next line, while NACK causes retransmission of the same Lline.

ACK may be echoed as often as necessary to receive an error free line.
Characters other than ACK, are by default NACK. If the DR does not re=
ceive a reply within 60 seconds after sending the carriage return and
line feed (CRLF) at the end of each line, a default ACK is assumed and

the next Line s transmitted. The computer should not echo the DR
transmission.

The following table shows how Long in milliseconds it takes to transmit
one character at each of the possible baud rates. The program in the
computer must be fast enough to receive, process and be ready for the
next character within this time to insure not missing any characters.
(See also section 2.9 for hardware handshaking which allows control of
the DR transmission on a character by character basis).

BAUD BIT CHARACTER
RATE ms ms
110 9.091 100.0
300 3.333 36.67
1200 0.8333 9.167
2400 0.4167 4,583
4800 0.2083 2.297

9600 0.10417 1.1458

it takes approximately 100 ms after an external device has transmitted
an ACK or NACK, for the DR to respond and transmit another Lline of data.



Each dump Lline consist of a series of fields separated by commas, and
terminated by CRLF., The fields are variable in number and width. The
tast field is a checksum determined by summing the ASCII decimal value
of each of the characters in the line wup to and including the Llast
commna.

A received line whose computed checksum agrees with the transmitted
checksum is good and should be echoed by ACK, else 2 Lloss of data is
implied and NACK should be echoed.

As each Lline is being transmitted, (or retransmitted) its' line number
is displayed on the DR. The Line number gown counts, giving an indica-
tion of the lines remaining, e.g. “LINE 123°.

PRINT CD Format
The Print (D dump consists of & parts:

Line 1 Line count (N+10), gage identification and record format.
Line 2-9 8 calibrations.
Line 10-N N records

{.ine 1: Gage identification and format

Lines,503DR,Sn,Unit, Mstd, k,d,Chk
- | P ! 11 l=== #odulo 65536 checksum
| { | [=— Depths per record (0..15)
{1 | === Keydatas per record (0..15)
[ | Standard count (0..65535)
} }=— HMeasurement unit (CT,R0,IF,CC,GC, AV, PF)
=  Probe serial number (0..9999
- Gage model nusber- ’
“J===  Total lines to be transmitted (10..1033)

l
l
|
l
!

Line 2 -~ 92 8 Calibrations

i1 l=— HModulo 65536 checksum
| |=== Intercept (real number)
}===  Slope (real number)

=== Calibration number (1,.8)

oa - PR



ne 10 - dN: N Records

al,K(K) ,oaaK(1) M(d) a0 H(1),Chk

A | [ | |==  Modulo 65536 checksum
l l
| |-
|
|

. d Depth moistures, M(d) real

l
l
|
l
l
l
l
|
|
lm..._m ””””””

|
I
|
|
I
|
|
l
l
I
l

—— Record calibration number (1..8)
o Record identification (0..65535)

file image of a PRINT CD dump is shown in Fig 2.7-1. Note that all
ita fields are separated by commas allowing easy use of input
‘atements in BASIC or FORTRAN programs.

16,5030R, 5999, IF, 10000, 2,4, 1427
1,3.0,-0.06,567

2,2.5,-0.035, 624

3,3.0,-0.08,571

4,3.5,0.06,575

5,8.8,0.0,457

6.0.0,0.0,470

7,0.0,0.0,471

8,0.0,0.0,472
$263,1,0,0,0.0,0.0,0.0,0.0, 1273
11001,3,20,5,6.804,4,946,6,85.3.31, 1716
11002,1,20,0,3.386,1.15,1.097, 1.1, 1699
11003,1,20,1,2.225,1.832,1,826,1.702, 1796
11004,3,21,5,2.887,1.855,1. 966, 2. 191, 1830
5273,1,2,0,0.0,0.0,0.0,0.0, 1276
7003,1,22,15,3. 41,4, 442, 4,135, 4.082, 1758

FIG 2.7~1

he print program requires that the computer be up during the dump. This
laces a8 heavy drain on the battery. Charge the battery before dumping.
f you believe the pack is up but not sure, connect the charger during
he dump. 1f the cutout circuit turns on during the dump, the data is
ot Llost. Charge the gage for about an hour and then re-initiate the
ump .

‘me samples of computer programs as shown in Appendix B. The ones in
SIC will typically operate up to 300 baud. The assembly language call
‘or the actual transfer of data that can be used to 9600 baud.



ich computer system will require special considerations. Most operating
‘stems and high Llevel Llanguages are not written for real time
eration. For example one BASIC interperter does not reguire defining a
ring length but changes its length as data input requires it. For 3
isiness application this 1is convenient, but if it occurs while
putting a record of information from the DR, some characters will be
st. By including an assembly program controt of <the hardware ENABLE
put to the DR this can taken care of, but such hardware control is not
'ssible with a modem.

INT LP

dump to a printer or a terminal contains the same information as the
INT CD dump except that; no checksums, no Llime count and it is
rmatted for readability with a header and Top of Form command every 60
nes. Print LP also transmitts three control characters at the begining
d three at the end of the transmission. These sign on and sign off
aracters may be used to set external devices such as a printer to a
sired configuration. e.g. compressed print. These attributes along
th the character reconized as top of form (TOF) are set via ATTRIB, a
b-menu of MENU,

nes of data are transmitted one after another without warting for an

K/NACK  response., The receiving device should NOT echo the
ansmission.

typical PRINT LP printout is shown in Fig 2.7-2.

HODEL S/K UNIT  HSTD  KDATA  DEPTH

903DR 939 IF 10000 2 4

caL f B

i 3.0 ~0.06

2 2.3 -0.033

3 3.0 -0.08

4 3.3 -0.06

§ 0.9

6 0.0 0.0

7 0.0 0.0

8 0.0 0.0

iD caL K2 Ki 4 i) 2 A 10TAL

263 0 0 0.0 0.0 0.0 0.9 0.0

11001 ¢ 20 3 6,804 4,946 6.6 3.3 278

11002 20 0 3.386  1.45 1097 .61 7.243

11003 1 20 ! 2,225 1,822 1.B26  1.702  1.5M4

11004 2 9 2.887  1.835  L.96b  2.191  6.899

/W 2 0 0.0 0.9 0.0 0.0 8.0

7005 a2 i35 .41 4442 4135 4082 g8.07
Fig 2.7-2

ile PRINT CD is prefered because of it's handshaking, PRINT LP can be
ed to make a passive data transfer to a8 computer. For a CP/M based



system with a freader port, set the baud rates to agree, set a Control 2
(ASCI1 decimal 12) attribute in one of the three suffix characters,
connect the DR to the serial port defined as RDR: (see section 2.9), and
~vpe in the computer while in CP/H:

»PIP DRS03.DAT=RDR:

Then press PRINT, STEP and ENTER on.the PR,

The data in the DR will transfer to the file named DRS503.DAT. It will be
a Literal file. You will have to strip out header information etc.



2.8 REMOTE OPERATION

The DR may be operated remotely via the RSZ32C serial connector. Set the
DR and the external device to the same baud rate. If the DR is in the
command mode (“READY" i3 on the display) then any character on the seri-
al input Lline will activate the DR without causing any action. The
appropiate remote control character from the following table should then
be sent-to the DR. Because of the debounce software in the DR, the fol-
lowing character should be spaced at least 100 milliseconds but not more

than 60 secondsfrom the activate character. The DR will perform the
command and shut down.

revswwosaer ASCl] CHARALTERS wxewencacw

18PUT S03bR

CHAR - KEY

[] STARY

DEL CLEAR

LF sSTEP

. R ENTER

v O=UET

d 0=~BRY

h VATER

u UHITS

t . TIHE

[4 CALIB

t LG

4 RCL

-] PRINT

QA AENU
i SELFTEST
b BAUDRATE
o ATTRIB
n SERNUR
v VERSION

s £t

€ (71

0~ 0-9

z STEP & START (enter monitor for aaintensnge purcoses’
& HEd R/W
& HEH onp
¢ RUN PGR
X BURK IN

Control R Place the DR in the terainst mode (power wo sllowing 1t teo
receive further ASCII comasnd Characters. The @R will return
to the noresl eode O seconds atter 1t feceives bAy ¢ommand
unless & new toResnd i3 received within that time, Wnile A
the teruinal zode sl characters sent to tav - dwadlay wild
.elg0 be transmitted on the serial outout Levned.

v

These commands can be used to control the DR from a CRT terminal or a
special program can be written to control the DR from a computer.

;ontrol~R is a special command that places the DR in the remote terminal
rode. While in the remote terminal mode all information which appears on
che DR display will also be sent on the serial output Line where it can



ye received by the control device. The DR will stay in this mode for 60
;econas after the Last command. If a seauence of commands are separated
sy more than 60 seconds it will be necessary to send another Control-R.

r CP/M based systems with a reader/modem serial port, the XCOM command
can be used to control the DR from the computer keyboard.

Example: To cause the DR to start a count send:
Qg (Llouwer case "g", 100 millisecond delay then lower case "g")

The first “g* (or any character) activates the DR. The second "g" Iis
reconized as the equivalent of pressing the START key.

Example: To set the Time to 16 seconds:

OR SERIAL
DISPLAY ouUTPUT
"R READY
"R READY
t TIME 1 TIME 1
LF TIME & e fy
LF TIME 16 w16
CR READY READY

The first “"R" activates the DR. The second places the DR in the remote
terminal mode. “t" causes the current time to be displayed and sent to
*he external device. If the external device is a terminal then the user

ust view the display and key {ine~feeds (STEP commands) <till the
desired time is displayed then key a carrage return (ENTER command). If
the external device is a computer, the program in the computer must db
the same (the = shown above are actually backspace characters). The DR
will return from the remote mode to the command mode 60 second after the
CR or last command is sent. :



1.9 RSZ32C SERIAL LINK (hardware description)

‘he DR has the capability of two way communications over a serial Llink,
‘his allows; 1) the data stored in the DR RAM memory to be converted to
ward copy using a printer, 2) the data to be dumped to a computer for
itorage and further processing before printing a hard copy report, and
) allows the DR to be controlled by the computer or 3 CRT terminal. The
ccess to this serial link is through the ACCESSORY CONNECTOR located on
he front of the surface electronic assembly.

ACCESSORY CONNECTOR

PIN FUNCTION

1 +10 v +10 V from the DR for use by external
equipment (protected by the internal
circuit breaker)

2 GROUND

3 SERIAL DATA OUT  Serial data from the DR to an external
device

4 SERIAL DATA IN Serial data to the DR from an external
device

7 ENABLE Control Line from an external device to

the DR, When open or high the DR will
transmit the next character. When Llow
the DR will hold transmission of the

next character until ENABLE goes high.

CABLE CONN.
WIRING VIEW

he DR transmits =4.0 volts for a MARK and +10 volts (battery voltage
ctually ranges from 8 to 12 volts) for a SPACE.

NAME VOLTS ~ LOGIC RS232C SPEC

2t L 2 2 Y P T
SPACE 0 v HIGH +3 TO +25V
MARK -4 V LOW =25 to ~3V

he serial input to the DR accepts the standard RS232 voltage swing.

‘he ASCII code is 11 bits composed of: one start bit, 7 data bits, one
arity bit which 4is always transmitted as a mark and ignored on
eceiving (some users refer to this as 8 data bits and no parity), and 2
top bits (the DR sends two stop bits and will accept one or more stop
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;232C defines connector types, pin assignments, signal wvoltage Levels
+ timing for communications between 3 piece of data communications
ipment (DCE) and 3 piece of gata terminal eauipment (DTE). The con~
setor  should be a DP25S (female) for the DCE and DP25P (male) for the
TE. The DTE transmits on pin 2 and receives on pin 3. The reverse is
~ye for DCE equipment.

$232C has worked well when a piece of terminal eauipment was working
ith a modem. It has not been implemented consistantly when two pieces
f terminal equipment are interconnected and the equipment designer must
efine one of them as communications eguioment. e.g. when a comouter
rives a printer, which is <the DCE and which 1is the DOTEY? ALl
ombinations of male/female connectors and transmission/receiving pins
re found.

‘he following 6 ft long cables, including both a male and female version
re available from CPN Corp. Also available are cable parts. Unless you
ave provisions for soldering the small terminals in the circular con-
iector with 26 AWG wire, it is suggested that you order the unterminated
:able for special external device connector applications.

PART NO  DESCRIPTION MATES WITH
RXWEERR R ERIAR AR TR OTRR 22222 8-4-4-44
7501544  Cable, RS232C/DP25P DP25S
€501516  Cable, RS232C/DP25S DP25P

7501575 Cable, RSZ32C/unzterminated
RG1B307 Connector, ch, 7pin

The wiring of these cables is shown in Appendix €, along with some spe-
¢cific hardware configurations. 1f your configuration does not. fit any of
these cables available from CPN, order one «ith the proper connector
type (male or female). Then rewire the pins as reauired.

The ENABLE LINE is available for hardware
control of the transmission on & character
basis. Most external equipment require the
ENABLE Lline wired to pin & of the DP2S
connector for an RTS protocol. On some it
will be recessary to wire it to pin 20 for
a DTR protocol.

FIG 2. 9-1

b SY°

i1f hardware handshaking is not required,
leave the ENABLE Line open. The DR has an
internal pull up to place it in the proper
state. The circuit for the ENABLE input

(also the serial input) is shown in fig
209”1 L

The 1input control pins to the external device should be wired to either
the mark or space condition as appropiate to allow data to flow..

Typically this will dinvolve wiring pin 5 (CTS) and pin 6 (DSR) to the
sace (+10 V) condition.



3.0 SPECIAL

3.1 CALIBRATION

The neutron probe is a source of fast or high energy neutrons and a
detector of slow or thermal neutrons. The fast neutrons are slowed down
by collisions with the nucelus of matter in the soil and then absorbed
by the soil matter. Since the mass of the nucleus of hydrogen is the
same as that of a free neutron, the presence of hydrogen will result in
a high field of thermal neutrons. Heaver elements will also slow down
the neutrons but not nearly so effective. While it takes on the average
onty 18 collisions with hydrogen, it take 200 with the next element
normally found in agro soil. '

The thermal neutrons are continually being absorbed by the matter in the
soil. Boron - for example has a high affinity for thermal neutrons. The
resulting thermal neutron flux will depend upon a number of factors both
creating- and absorbing thermal neutrons, but most importantly will be
how much hydrogen is present. The neutron probe may thus be used as a
measuring device for moisture in the soil but it may. require calibration
for Local soil conditions.

~ -

FIELD CALIBRATION

A field calibration requires the probe, a volume sampler, a scale and a
“drying oven. Install the access tube in a representative point in the
soil. Take probe readings in the tube and volume samples in pairs around
the tube. Take them at the same depth and within a foot or tuwo of the
tube. '

Seal the volume samples in a sample can or plastic seal bag immediately
after removing from the soil. Be carefull not to compact the surroundﬁng
soil when taking the samples. Ideally 20 such measurement pairs should
be taken over 8 range of moisure conditions.

An  alternate wmethod 4s to use a sampler of smaller diameter than the
tube and take volume samples at each depth while making the hole to
install the access tube. Then take probe readings at the same depths.
This has the advantage that the calibration is performed on the tube to
be used for scheduling. :

Another alternate, popular with irrigation schedulers is to only take
tWo measurement pairs, one pair at field capacity and a second at_a soil
moisture condition near 50% depletion.
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Weigh the soil sampies wet and dry (24 hrs at 105 deg € in & vented
oven). Calculate the moisture by weight and the dry soil density and

then combine to determine the soil moisture content in inches per foot
as follows:

inches W - Wd (gm water) Wd (gm soil) 1 (cc water)
per = X X x 12
foot wd (gm soil) V (cc soild (gm water)

Using Linear graph paper plot the probe readings in count ratio. versus
the volume samples in inches per foot.

Fit the graph to a straight line. For a scatter diagram of 10 to 20
reading pairs do a Linear regression on a hand calculator. For only two
pairs use the following equations to determine the slope and intercent.

MH - ML
slope = A = ==m—comme
RH = RL
intercept = B = ML - A x RL
then: m = (A x r) + 8B
where:
m moisture in inches per foot

r count ratio

MH = high moisture value in inches per foot

ML = (ow moisture value in inches per foot

RH = probe count ratio at the high moisture value
RL = nrobe count ratio at the Low moisture value



Example: A field capacity of 3.8 in/ft gives a ratio of 1.500,
while S0 percent depletion gives a ratio of 0.77.

3.8 - 1,90
h = cemccecwsan. = 2 603 in/ft/countratio
1.5 = 0.77

B =1.9 - 2,603 x 0.77 = ~0.1043
OR

m= 2,603 x r =0_.1043

Perform the following keystrokes to enter this calibration into calibra-
2ion numdber 2.

KEY DISPLAY
READY
UNITS UNIT CT
STEP UNIT RO
STEP UNIT IF
ENTER READY
CALIB CAL 1 IF
STEP CAL 2 IF
ENTER COEFFS 7
ENTER A w, %
2.603 A 2.603
ENTER B %,&«
-, 1043 B =,1043
ENTER READY

The DR defines the slope and intercept with water on the vertical axis
end ratio on the horizontal sxis as shown in Fig 3.1-2. If you data has
veen plotted with the axis reversed as shown in Fig 3.1-3, it will be

necessary to transpose the slope and intercept terms before entering in
the DR.

A= 1/4°

B = 8°/A°

88



ABORATORY CALIBRATION

- a Laboratory calibration two known calibration points are needed. A
wigh calibration standard might be a barrel of sand saturated with water
(typically 0.32 gm/cc. i.e. 0.32 grams of water per cubic centimeter of
soil or 32% water by volume or 3.84 inches of water per foot of soil). A
«ow standard of dry sand would be 0.0 gm/cc.

et the gage to the desired units and select a 256 see count time. Use
“he SLFCAL feature of the probe. Place the probe in one of the two known
toisture standards. The display will prompt for the known moisture den-
sity of the standard. Enter it in the units selected e.g. 3.88B ENTER, If
sount or ratio has been selected as the units, an error message will be
jisplayed.

Pressing START will cause the gage to take and store a 256 second
reading. When the count is completed move the probe to the second mois=~
ture standard. The display will prompt for the moisture density of that
standard. Press START to take a 256 second reading in the second
standard. When the count is completed, the gage will calculate and store
the slope and intercept coefficients for the calibration in the selected
units. Use "COEFF 7% ENTER to view them. Record them in your note book
for future reference.

This is how the factory calibration was determined. It will be applica~
ble for sandy so0ils with no significant minerals or organics. It can
"so be used for relative measurements. e.g. measuring a field before
ad after a known irrigation will allow determining how much was applied
versus how much the probe measures.before and after, thus calibrating.

the probe to that field.

RANGE

The Llinear calibration supplied with the DR is useful over the most
commonly used mositure range, 0 to 33%. For special operation in mois-
ture percentages higher than this 49t is necessary to have a special
calibration. Fig 3.1~4 shows a high range calibration. If field data is
not available, a count in a water barrel can be used.

- ™

N/ FT

Mz ALCRY«B SOR © TO R,
Mz A'(CR)- 8" FOR RITO Rg

FIG 3.1-4




3.2 ERROR MESSAGES

If an error occurs in the DR, then the function thst was being performed
is aborted, and an error degcription or number is displayed (the gage is
actually in the READY mode). Errors that may occur in the normal opera-
tion of the gage, will display & descriptive message. You should take
corrective action as appropiate.

Equipment errors that should seldom occur will display a descriptive
message or “ERR" followed by a numper of 100 or above. If such an error
number occurs, contact the factory or iLocal service center,

TABLE -~ ERROR MEESSALES
CC.Q00000000'.&60000000000000000000.000000.000000C00000OOOQOOOOQOQQOOOOOQ'QO‘DQQQ
Operating errors:

80 SI1D0CT Nop moisture standard count. Take & new standard.

FULL Record log full, PRINT-out record log, snd clear viz FORMAT,

501 HERE 1D entereg snte RECALL does not exist. £nter correct 1D,

ENPYY Record log empty when RECALL pressec. Loasd record(s) via LOG.

ND D&TA fecorg log empty wnem PRINT pressed.

SET UNIT Calibration coefficients unaerfinec for €1 or RO unit. Change UNIT,

Internal Cnecx (hatdware) errors:

RAM  XXXX Non-gdestructive rem test failure at se--ess XXXX. .
ROM  xXXX Program memory checksum error. XXXX 1s the non-zero sum.
£EP  xxxX FEPROM reso sfter write failure at sooress XXXX,

CK XoXXXX Timer clock test periog error. {1 - X.XxxXX} > 0.01 seconds
MCTR CRR Moisture counter failure. :

Program t>aps:

1 D0Iv € Integer cavige oy zero.

Div 8Y O Resl dgavige by zero.

NEC ROOT Square root of negative numbder.

PBUS [RR Pcooce buss error.

£€P XXX CCPROM reed sfter write failure at agaress XXXX.

ERR 100 Computer bus error, underfinea restart.

ERR 102 Message number too bD1g.

ERR 108 Real displey rfouncup esponent underflow.

LRR 109 Onclear pstesck peinter grester than current pstack poainter. »
ERR 110 Onclear machine stsck pcinter greater than current machine stack point
CRE 113 Ungefined pcooe.

CRR 116 Spurious timeous.

ERP 117 Peode pointer unoderflow (machine stack running pcocde).

€RR 120 Onclear stack wanoerflow.

ERR 201 Depth 1ngex too big.

£RA 203 Recorg index too big.

ERR 206 Count too big to store in recorc.

£RR 217 Spurious initislization.

- e - o0 00 G
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COUNTING STATISTICS

1.0 General

Radioactive decay is a chance process. For Cesium=137 which has a
half-tife of 30 years, it can be expected that in 30 years one-~half of
the material will have decayed, but in the next minute exactly which
atoms will decay and exactly how many will decay is only by chance.
Repeated measurements with the gage will thus most likely result in a
different count for each measurement. A typical set of 32 such
measurements is shown in Fig A-1.

Fig A~Z2, shows the distribution of these

counts. The two characteristics of inter- SN 4840
est are: 1)The average value (also called
measure of central tendency or mean) and -STAICT-
2)How wide the counts spread around this %’“ﬁ:ﬁ
average. o
Mathmatically the average value is defined 29-4267
as: 28-4572
27-4349
;:.-Z-L 26-4340
- 25-4447
24-4389
The width of the spread is defined by a . 234407
*erm called standard deviation. 22-4498
21-4481
20-4497
19-4343
ESAT 18-4575
S= !2 X~ X) ‘ _. 17-4513
n-i 16-4471
15-4407
14-43%0
Or an alternate form useful on calculators 13-4411
12-4457
11-4453
104474
“J AL ?)-(Ta)? 9~ 8414
nl{n={ 8- 4508
7- 4452
b~ 4441
swhere S~ 4489
$ = standard deviation of the sample 4 4410
x = count (value of each sample) 3= 4854
X = average of the sample 2- 479
n = number of measurements in the sample 1+ 4423
The above describes the average value and AVE 444
the standard deviation of a sample from a CHIR 0.95
opulation. They are an approximation to HSTD 8895 (AVE ¢ 14/8)

-~he true average value and true standard
deviation of the population.



average of the population
standard deviation of the population

o
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The distribution from measurement samples
of any process can be classified 1into
expected shdpes that have been previously
observed. Three are applicable to radioac-
tive decay; Binominal, Poisson and Normal
(also called Gaussian).

The Binominal distribution applies when
the measured event can take one of two
states. Tossing a coin is an obvious case.
It can also be applied to a given atom
either decaying or not in a time period.
It is difficult to deal with
computationally.

Since the number of atoms is very Llarge
and the expected probability of a decay
ocecuring is very low (source Life in years
and measurement time in minutes), we can
use the Poisson distribution which is 3
special case of the binominal distribution
for these conditions. A special property
of the Poisson distribution is that the
expected standard deviation 1is equal to
the sguare-root of the average value,

0‘:{32.

If the sample is large enough we can ap-
proximate for the standard deviation of
the sample.

s={H

This is an important relationship. It
means that if repeated measurements are
taken without wmoving the gage and the
detector electronics are working properly,
then the spread of the counts will only be
dependent upon _ the average count rate.
This 1dig 1in contrast to most measurements
where the spread will depend upon the
process. Fig A~3 shows the diameter of a
part turned on a new lathe while Ffig A-4
shows the same part turned on an old
Lathe. Both Lathes produce a part with the
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same average dismeter but a Loose bearing caused the wider spread for
parts manufactured on the older lathe.

e Poisson distribution applies to discrete measurements e.g. count or
no count. Provided the average value is lLarge enough (20 or greater),
the Poisson distributions c¢an be approximated by the Normal
distribution.

Using the Normal distribution simplifies things even further. It is a
continuous distribution. It is symmetrical about the average, and most
important it can be completely described by its average and standard
deviation.

As shoun in Fig A~5, for a Normal distribution, 68.3% of all counts will
pe within one standard deviation, 95.5% of all counts will be within two
standard deviations, and 99.7% of all counts will be within three stan-
dard deviations.

Thus these three distribution models become identical for the case with
a small individual success probabitity but with a large number of trials
$0 that the expected average number of successes is large. This allows
the use of the best features of each distribution for three statistical
situations concerning the gage:

1) Single measurement precision
2) Expected spread of measurements
3) Expected difference between two measurements

1 Single Measurement Precision

The expected wvariation for one standard deviation (68.3%) of a single’
count can be expressed as a percent error as follows;

& X L
7 ERROR = 100~ =100 *

This expression reveals that the only way to improve the count precision
{(e.g. reduce the percent error) is to increase the size of x (e.g. the
gage manufacture selects components for a higher count rate while the
gage user counts for a longer period of timel.

The following table demonstrates that a minimum of 10,000 counts is

reguired to achieve a8 count precision of 1.0 percent or better 68.3% of
the time.

COUNT COUNT
COUNTS SR RT PRECISION PRECISION
(68.3%) (95.5%)
T 1 100.0
10 3.16 31.6 63.2
100 10 10.0 20.0
i 1,000 31.62 3.16 6.32
10,000 100 1.00 2.0
100,000 316,22 .32 .63



The count precision improves with the square of the count. Thus taking
four times the counts improves the count precision by a factor of two.

To provide a consistant frame of reference to the operator, the count
displayed in the DR is always an equivalent 16 second count regardless
of the time base selected. It is necessary to correct a precision deter-
mination for other time base selections as follows.

7. ERROR =100 e

where t is the selected time in seconds

Example: A 64 second direct count 1is taken and displays 3000, The
precision of the count is PCT=100/(SQR(3000%64/16) or 0,913%.

The direct reading is 2.0 gm/em3. To determine the end measurement
precision it 1is necessary to multiply the count precision by the slope
of the calibration curve. Assuming a slope of 0.0416 gm/cm3 per percent,
the 2.0 gm/cm3 reading wvaries by +/-0.038 gm/cm3 (68% of the time
representing one standard deviation).

If you take repeat measurements but move the gage between reading then
the standard deviation of that set of readings will include both the
source random variation and the wvariation due to re-positioning the
gage, and thus be larger.

1.2 Expected spread of measurements

An accepted quality control procedure for a random counting device is to
record a series of 20 to 50 successive counts while keeping all
conditions as constant as possible. By comparing the distribution of
this sample of counts with the expected Normal distribution, abnormal

amounts - of fluction can be detected which could indicate malfunctioning
of the gage.

The “Chi-squared test" is a quantitative means to make this comparsion.
It can be used when a calculator is available to determine the standard
deviation of the sample.

(n-1) s2
K2 = emm———
- a2

where X2 is from the Chi-squared tables.
By substituting that the expected standard deviation is egual to the

square-root of the average count (& gJ"':Z)‘s. re~arranging terms and taking
the square-=root of both sides:



x2 3

o oo = 000 a0 a0

(n=1) X

ideally the ratio on the right hand side of this expression should be
1.00. The degree to which this ratio departs from unity is an indicator
of the extent to which the measured standard deviation differs from the
expected standard deviation.

On the Llefy hand side of the 2 ! to which x2 d

¢rom (n=1) is a corresponding allowance for departure of 1the data
from the predicted distribution (e.g. we flip a coin ten times and ex-
pect five heads and five tails but accept other distributions for a
given sample). Chi-squared distribution tables are found in texts on
statistics. The table values depend upon the degrees of freedom (one
less than the number of counts) and the probability that a sample of
counts would have a Larger value of x2 than in the table. The x2 wvalues
for 2.5% and 97.5% (a 95% probability range) and 31 degrees of freedom
are 17.54 and 48.23 Substituting these value into the left hand side of
the expression gives ratio limits between 0.75 and 1.25 for 32 samples

and a 95% propability.

eqree to which x?2 differs

~ M

i1f the ratio on the right side is between these Limits then there is no
reason t0 suspect the gage is not performing properly. If the ratio is
outside these limits then the gage is suspect and further tests are in

arder (even a properly working gage will fall outside the Chi-squared
¢imits 5% of the timed.

1f a caleulator is not available which can easly determine the standard
deviation, a qualitaszive method to compare the observed standard devia-
tion with the expected standard deviation is to. take a series of 10
counts and determine their mean and the sguare=root of their mean {(guess
the square-=root to 2 digits if not available on the simple calculator).
If their distribution is normal then 68.3% of the readings will be with-
in the mean +/~ the square-root of the mean (e.g. 7 out of 10).



EXAMPLE:

9668

9797 H

9691

9562 L This example has three counts outside the
9684 +/- square-root limits. Two are high and
9783 H one is low. This is an acceptable dist-
9687 ribution. There is no reason to suspect
9585 this gage.

9651

9599

oo e e o cum

96707

~~~~~ = 9671 AVG
10

SQ-RT = 98

AVG + SQ-RT = 9769

AVG -~ SQ-RT = 9573

Since this test only involves 2 sample of ten counts it s not very
predictable. Even a properly operating gage will only pass this test one
out of four times. If the test fails repeat it to see if any adverse
trends exist.

1.3 Expected difference between two readings

The standard count or some other reference count should be recorded on a
regular basis to allow observing if it stays the same or if any adverse
trends are present. If enough counts have been: used to determined the
average and thus also the standard deviation of the population, then the
Normal distribution may be used.

X =

Z D a0 000 Onem w0 oo e o 00

1m0 200000 00 w7

sq=rt(n)

Expressing the X value in terms of the m value plus a factor of the
deviation.

it

X MK *x g

Vi +/-K * sgq=rt(n)

from the NormaL‘tabLes, for 95% confidence, the Z value is 1.96.
z 1.96

K = 4/= mooo- A = +/= 1,96
n 1



Thus the new reading should be eaqual to the average of the old reading
plus/minus 1.96 times the square root of the old average.

~his 4is true for the 16 second count which is direct. For another time
_ase the K term must be reduced Dy tThe square~root of the count
pre-scaling. e.g. for a 64 second count which is & times as long as the
direct 16 second count the new reading should be plus/minus 0.98. A
special case is the standard count which involves 32 each (n=32) 8 sec~
ond counts. A new standard count should be eaqual to the old standard
count plus/minus 0.49 times the saquare~root of the old standard count 95
percent of the time.

EXAMPLE:

The average of the daily standard count for the last month is 10,000,
The square~root of this average is 100. 4 new standard count (32 each at

8 seconds but displayed as 16 seconds) should be between 9,951 and
10,041 (95% probability).

2,0 TROUBLE SHOOTING

CONDITION POSSIBLE CAUSE
Chi ratio too high, no Look for a drift in the counts
change in the average ‘over the measurement time, €.Q.
count over previous. the average of the first five

counts is significantly different
than the average of the last
five counts.

Chi ratio too low with an Periodic noise occuring. Possibly
increase in the average an open filter capacitor in the
count over previous. HY power supply.

Chi ratic too low, no Procedure error. Possibly analyzing
change in the average normalized counts. The standard
count . deviation must be determined on

direct counts.

Chi ratio OK but change in Change in gage geometry. A change

average count. in counting efficiency will be
normalized out by ratio technique.
A change in gage geometry must
either be corrected or the gage
recalibrated.



INTERFACING THE SO3DR TO MICROCOWMPUTER DEVICES

One of the features of the SO3DR is to communicate with other computers
as a remotely activated device or to download its logged data records to
a disk or printer. There are two parts to this process; downloading
software, and RS=232C serial communication hardware.

DCWNLOADING RECORDED DATA

Using the Llogging feature the gauge can record many records of site
readings for recall later. It is extremely convenient if that data can
be wused in a program that can manipulate the data for the users needs.
To get the data from the probe to the computer you may use the PRINT CD
feature which stands for PRINT Computer Dump. Computer to computer
communication requires a matched standard means of data communication
implemented on both ends of the transfer. The gauge is capable of serial
communication in an RSZ232 ASCII format which 1is standard for many
computers and communication packages written to be used on them. One
problem of serial communication is that it is not fool=proof and some
form of error checking must be preformed on the data to insure that it
is valid. The gauge uses a format where at the end of each Line that is
transmitted the computed checksum of the ASCII values of each character
in the line is sent as the last data field. The receiving program
must compare this value with the value it computes as the data is being
received and send back an appropriate response. This format of communi=
cation is styled after ACK and NACK types of communication. The re-
sponse is either ACK the Lline was received correctly and 4t is
ACKnowledged or the response is NACK the Line was not received correctly
and it is Not ACKnowledged. The gauge receives the response and either
transmits the Lline again or transmits the next line. The data records
received are stored as a file on the current storage medium. -

The program specifications that pertain to the gauge are:

RS232 type serial communication (TXD,RXD,GND).

1 start. bit, 8 data bits, no parity, and 2 stop bits.

Baud rates; 110,300,1200,2400,4800,9600 (programs in basic may not
operate at speeds higher than 300 baud).

ACK character ASCII value 6 decimel.

NACK character ASCII value 21 decimal (any unrecognized character
is treated as a NACK character).

Checksum computed by ASCII values up to and including the comma
before the checksum field.

'p® is the ASCII character (value 112 decimal) that will remotely
activate the PRINT feature of the gauge.

CR is the ASCIX character (value 13 decimal) that will remotely
acknowledge the PRINT CD prompt.

Included here are the desceriptions and program Llistings for several
types of computers that compose a fairly good cross—section of the
microcomputers that are currently available. Even if the computer that
you are currently using does not directly correspond to one of the ones
Listed, there is a good chance that with the information provided in the
Llistings and a careful study of the programmers manual for your computer -
that you could write a downloading program of your own. The Last List~
ing DRINZDMP.BAS will convert the download file from the standard format



to the format used by the IRRIGATION WATER MANAGEMENT system software
from CPN CORP, It will operate as is on most of the microcomputers
using variations of MIRCOSOFT BASIC for computers with disk drives.

ISTING #1

This version of DRDUMP will operate on most IBM pc's and their close
compatibles. It has been used on an IBM PC, HEATH/ZENITH 100 or 150,
TELEVIDEO 1605, and with the replacement of line number 310 with the one
listed below it will also operate on the APPLE MACINTOSH with MICROSOFT
BASIC.

210 OPEN “COM1:300,N,8,2" AS #1 ' Set port 300 baud, no parity,
8 bits, 2 stop bits

The reguirement for this program to work is the inclusion of the OPEN
“CoMl:,.. statement in the BASIC language used.



LISTING #2

This version of DRDUMP was written for a CP/M based microcomputer that
uses the port method of 1/0 addressing. It was specifically written to
operated on a VECTOR GRAPHICS Model 4 as is or the following computers
with their associated Line modifications.

VECTOR GRAPHICS 3
No changes just use the printer port.

VECTOR GRAPHICS VSX

160 STX = 6 * Status port number

360 QUT ST%,8H18 ' Reset the port ]

362 OUT STX,8H14 * set port mode; (1 start), 8 data, no parity,
2 stop bits

364 OUT STY,&H4C * set port for transmit and receive

366 OUT STX,&H1S

368 OUT ST%,ZHEA

370 OUT ST, &H11

372 OUT STZ,8HOO

374 OUT STY,EH13

376 OUT STZ,BHC1

380 OUT ST¥,&H1O

830 QUT STZ,&H10: WHILE (INP(ST®) AND 4) = ZIPY: WEND ' Wait
for transmitter ready

870 KX = 1000: OUT ST%,8H10: WHILE (CINP(STZ) AND ONE%)=ZIPY)
AND (KZ > ZIPX): KX = KX - ONEZ: WEND

970 OUT STX,EH10: WHILE (INP(STX) AND 1) = ZIPY: WEND ' Wait
for Line feed character

QSH ZEUS

150 oPZ = 2 ' data port number

160 STZ = 3 * status port number

220 PRINT CHR$(26) * Clear screen

360 OUT. ST%,8H18 ¢ Reset the port

362 OUT STX,&H14 * set port mode; (1 start), 8 data, no
parity, 2 stop bits

366 OUT STX,8H4C * set port for transmit and receive

366 OUT STX,BHOD3

368 OUT STX,EHE1

370 OUT STX,&HOS

372 OUT STZ,8HEA

374 OUT STE &H11

376 OUT STX,8HOO

378 OUT EBHO61,&HOS * Set to 300 baud

380 OUT gH61 ,8H3L

655 IF PRNTRX THEN LPRINT CHR$(26) ' Send to printer

830 OUT STZ,8H10: WHILE (INP(STX) AND 4) = ZIPY: WEND * Wait
for transmitter ready

870 KX = 1000: out ST%,8H10: WHILE (CINP(STX) AND ONEXI=ZIP%)
AND (KX > ZIPZ): KZ = K% - ONEZ: WEND

970 OUT STX,&H10: WHILE (INP(STZ) AND 1) = ZIP%Z: WEND ' Wait
for Line feed character

1155 IF PRNTRX THEN LPRINT CHR$(26) ' Dump printer file



LISTING #3

This is an assembly language upgrade to Listing #2 that will imput data
at speeds up to 9600 baud. The assembly lLanguage routine will have to
be loaded at 40000 decimal before the basic program is run. The Lline
changes required to implement it with listing #2 are:

DELETE 750-820
DELETE 200
DELETE 970-980

250 PRINT “Set DR baud rate to 9600.%
383 OUT &H11,8HOD ' Set to 9600 baud
386 OUT &H11,2HOO '

520 WHILE NUMLINY. <= NLINES

845 BUF = 45055¢

865 CALL 40000!

870 BUF = BUF + 1

890 CHAR = PEEK{(BUF)

LISTING #4&

The special characteristics of the OSBORNE 1 and it's memory=-mapped 1/0
that is page flipped with the program memory spawned this interesting
use of the CP/M 1/0 byte at location 3 to swap the console with the
serial port to input the data as though 1t was keyboard entry. It
. requires the OSBORNE's SETUP program to set the configuration of the
ort to 300 baud before running the program.

LISTING #5 and #6

The APPLE II/II+/Ile/and Ilc also have special considerations since in
the beginning when the APPLE II was first designed there was no such
thing as disk drives, serial communications, and printers available for
microcomputers. The designers thought ahead enough to provide for
'plug-in' expansion that would include such things -but INTEGER and
APPLESOFT BASIC did not provide for direct interface with them. The
result is a two part program in APPLESOFT BASIC and 6502 assembly Lan-
guage that receives the data through a SUPER SERIAL CARD (from APPLE)

plugged in a card slot that is pointed to by the variable SLOT in <the
basic portion Line 50.

Type in the BASIC Listing #5 and save it as DRDUMP. Type in the HEXDUMP
for Listing #6 by using the following steps:

CALL ~151 B
*300: A9 84 DAD L3

*370: 20°9C FC 60
«*BSAVE INPUTDR. AMP . AS300,1L874



LISTING #7

This program is simular to the others but uses the ROM routines built
into the TRSBO MODEL III & 4 to input the data on the serial port. It
will run on the MODEL III with no modifications and it will work on the
MODEL & if it is brought up in MODEL III emulation mode (booted with a
MODEL III disk),

LISTING #8
This is the file converter that manipulates the data into the format

expected by the IRRIGATION WATER MANAGEMENT program from CPN CORP., It
will operate on most computers that use MICROSOFT BASIC for disk drives.

Laom = 1 anne -



{=232C SERIAL COMMUNICATION HARDWARE

se SO3DR uses the RS$S=-232C 1industry standard serial communication
hod. The S03DR cable connector is a special CPN CORP. configuration

nat can be lLinked to a 25 pin D-type connector on the opposite end of

he cable. Most computers will have the DP25g (25 pin D-type sockets)

onnector built in although the IBM asynchronous communications card and
few others have a DP25P (25 pin D-type pins) connector built in.

ere are a collection of some of the more popular cable configurations:



10 * poDuURc.RAS 2/15/83 dor 1B tvpe svstew.

20 O ERROR 6270 1000

0 ¢

40 "33833TILINITIALIIATIONSS R8RS LISTING =1
50 *

60 RESPS=CHRS129)

70 K3=1000

B0 ANSHERS:® yegYES®

90 AlKI=4

100 KAKi=2]

110 CR1=i3

120 FFe<CHR$ ({12}

130 BKisg

140 °

150 *8318 PROCEDURY 1511

160 °

170 OPEN °0°, 3, °DRIN.DAT®:* open output data {ile

180 PRIKT FF¢

190 PRIKT TAR(30)°DROUKP upload prode data®: PRINT:PRINI

200 PRINT °Set DR paud rate to 300pps.®

210 PRIKT °Connect cable to DR.®

220 INPUT “Enter the date (esfdd)®;DRTELS

230 PRINT €3,DRTE1S

240 PRIKT Do you want a hard copy of prode data Y°;STRIEBS(I BYSPS):: INOUT ANSS * PRINT QUT DF PROBE DATG
230 IF IHSTRCANSHERS,ANSS)C)0 VHEN PRNTRI=~1 ELSE PRWTRI1=( *SET PRIKTER FLAS BASED OM ANSWER
260 1F PRNTRY THEW LPRINT TAB(4S);°PRORE DATA FRO® °sDATE}S:LPRIKT:LPRINI

270 PRIKT:PRINT:PRIHT®PROBE DATA®;TAB(AO); CHECKSUR ; TAD (70} *RECSODNSE®

260 PRINT STRINBS(78,%=°)

290 IF PRKTRI THIK LPRINT®PROBE DATAC;TAB{60Y; CHECKSUM s TAB(T70); *PESPOKSE®

300 IF PRKTRI THER LPRIKT STRINES(78,°=°)

310 OPEK *C0A1:300,%,8,2,05,D5,CD° AS €1:° set pert 300 baud, no parity, € bits, 2 stop hits
320 ° Reasptely activate PRINT €D en DR,

330 PRINT €1,°p°: FOR 3 = § ¥ 1000s HEXT: PRINT 91,°%°

340 FOR X = § TD 1000: WEIT: PRIKT &1,CHRS(CRI}: FOR ¥ = § 1D 1000: WSIT: RESPY=LRY

350 IF LOCQ1) <) @ THEM Jumrs=iePUTs (1,1} * Get garbage 4ros sersal port.

360 BOSUB 480 ° call first line in

370 60SUB 950 ° PRINT TLIE

380 °

390 LIMESI=VALATLINES): ° parse § of transaitied lines

400 PRINT §3,TLIMES: ° put heaser line in output file

410 °

420 °ome=e JHPUT DATA TO "BRIN.DAT® e

430 E1=100; MURLINI=0 °Set €3 fo- first pess and inmilialize WUMLINT

440 MHILE (KXCX0) AND (MOT BES) ° Loop as long as there 15 mo error o the tiser doesn’f tise out
430 HURL IRT =00t 1T ¢4

460  EOSUB 480 ° get records ¢roe DR and pul im f1le DRIK.DAT

470 IF Xi=0) DR BXY THEK 510 ' Skip io exit i¢ t1ee 15 oul or error

480  PRIHT 43,TLINES

430 IF MURLIES ) BLINESY- THEW TLINES = TLIKES o °8SESTRA DATA LINSS3® ° Rack data that exceeds original nuaber of lines
500  BOSUE 930 ° PRIMT TLIXE

%10 WEKD

39’

230 PRINT €3, CHRE(ADES);

540 °

S50 Pooomme  QUIT o=



0 IF PRNTRY THEN LPRINT FF$ ° Output 2 foreteed

CLOSE 61

CLOSE 43

PRINT °ls this data satistactory Y°;STRINGS(3,BKSP4);:IRPUT ANSS: IF INSTR(ANSHERS,AHSS) = O THEN RUN *ASK FOR USER 'Ok

<> .

IF BKI THEN EWD * Finish it error has oCcured
CHAIN °DRINZDHP.BAS®,ALL ' CORVERT DATA STRING TD PARSED INFORAMTION.
END

L]

*33483ISUBRDUTINESIER831

*SYP----- INPUT LINE -~---
PRINT 41,CHRS(RESPL);
TLIHES=*®
CHOUKI=0 ' reset cksue for nex record
K1=1000: MHILE (LOC(1)=0) AND (KY30): KI=KI-1:HEND
{F K1 = ¢ THEX RETURK
CHARS=INHPUTS (1,81}
IF ASC(CHARS)=13 THEN GOTO 810 * is it the EXD OF RECORD?
IF IRKEYS$ <> °° THEM ERROR
TLIHES=TLIHES4CHARS ' it not, add it to the record string .
HURBI=ASC(CHARS)
CKSURI=CKSURL4NUHBL *  and record it in the cksus
§OTO 710 °  get mext character

v et et e e e ) e G vt G At A W D W2 A o D D
w

EXD OF RECORD processing
IF.LOCE11=0 THEN 820 ° MAIT FOR A CHARACTER IN COH-BUFFER
CHARS=IHPUTS (1,81} ° DISCARD LINE FEED
LASTCHARY=LEN(TLINES) * - length of data string
{STCORNAZ=LASTCHART ° initialize coema pointer
CORCHARS=HIDS (TLINES,LSTCONAARL, 1)
HHILE COMCHARSC)®,®

CKSURL=CKSUKI-ASC (COKCHARS)

LSTCONMAL=LSTCONNAT-1 ° reaave checksua chars fros cksue and find
! CONCHARS=RIDS (TLINES,LSTCORNAL, 1) * the transaitted checksue field
« HERD

IF CXSURI=VAL (RIGHTS (TLINES,LASTCHARZ-LSTCOMMAYY) THEN RESPI=ACKL:DISPLAY$=" OK® ELSE RESPI=NAKL:DISPLAY$=® REPT°: GDTO

0 ° repeat line till right
 RETURK
‘l
" PRINT TLINE
)9
i PRINT TLINES;TAB(40)3CKSUKL; TRB(T0)RESPI; DISPLAYS * DISPLAY DATA
) IF PRRTRY THEK LPRINT TLIHES;TABCL0)sCHSUMY; TAB(TO);RESPISDISPLAYS ° PRIKT DATA
+ RETURN
@ PRINT °CORKUKICATION INTERUPTED®: BKI=~fs RETURK * HANDLE ERROR INMCLUDIXG KEYBOARD IHTERUPTIONS

e = mr e e e~



10 ° DROUSC.BAS 2713783 FOP VECTOK 4 TYpE SYSTEMS.

20 On ERROR &0TD 1170

30 ' TRANSSER FROR PROBS YO FILE DRIN.D&T
40 '

50 *esessgINITIALIZATIONS R ES8ss

60 Ni=1000

70 GNSWERS = ° vesYES®

80 BESPY = CHRS{IN)

90 &IV = ¢

100 WAKI = 2}

110 Ch= 13

120 OKEZ
130 TH01
140 1iP1 ' puserscal constants
150 DPPI = 4:' dgata port nuaper

160 S13 = 5:° status port nuader
170 EKI = 0

180 °*

190 *283 PROCEDURE 1331

200 °

o n ot

Lo~ N JRr RN

210 DPEN °D°,3, °DRIN.DAT®:® open outpul data dsile

220 PRINT THRS(4):® clear sgreen

230 PRINT TAB(30)°DRDUAF wpleay prove data®
240 PRIKT: PRINT: PRINT

250 PRINT °Set DR baud rate to 300.°

260 PRINT °lonnert cable teo DR.®

270 1%PUT °Eater the date (asfdd)®:DATElS
280 PRINT 43,DATElS

LISTING #2

290 PRINT "Do you want & hard copy of probe data Y°;STRINBS(3,BKS®SIse JWPUT AHSS °PRINT OUT OF PROBE DATA

300 IF INSTR{ANSWERS,ANSS)C) O THEM PRNTRI=-] ELSE PRNTRI=0 ' Set printer flag based on answer.
310 IF PRETRI THEW LPRINT TAB(43);°PROBE DATA FROH °:DBATEIS: LPRINT:L®RIKT
320 PRINT:PRINY:PRINTFROBE DATA®;TAB(4O}; *CHECKSUR® s TAB{70); *RESPONGE®

330 PRINT STRINGS (78,°=°)

340 IF PRETRI THEK LPRINT°PROBE DATA®;TAB(40); *CHECKSUA®; TAB(70) 3 *RESPONSE®

350 IF PRHTRY THEX LPRINT STRINGS(78,°=°)
340 OUT STI,LH40: ' reset the gort

370 OUT STLBMCE: ° set port mede; (I startl, @ data,mo parity, 2 step bits
380 OUT STIGH2S: ° et port for transait and receive

390 * Bewotely turnon the PRINT €D {or data dues.

400 OUT DPI,ASCIg°)sFOR T = § TO §000: KEIT: QUT BPI,A80(%¢°)
410 FOR I = § 70 1000: WEXT: OUT PP, CR:FOK I = 1 T0 1000: WEIT: OUT DPI,CK

420

430 *  lInput header lime

440 BOSUR 850 °  call farst lime in
450 BOSUR 1320 ° PRINT TLI&E

460 °

470 HLUINES = VAL(TLINES) ° parse € of transaitled lines
480 PRINT €3.ILINE$_ * put header line in output {ile

490 °
300 *~— Input data to °DRIN.DAT® oo



110
120

0
350
160
70
180
520
500
510
520

£1 = 100: NUMLIKY = 0 ° Set K for first pass and initialize KUNLINI
WHILE (KT <> 0) AKD (HOY BKL) * Loop as long as there is no error or the tiser doesn’t time out
HUHLINZ = HUBLIKT ¢ |
0SUB B30 ° get all the records froe the DR and put thea in the file PRIN.DAI
{F (K1 = 0) OR BKI THEN 390 * Skip to exit loop if tise is out or error
PRIKT 63, TLINES
IF HUMLIKY > NLIKES-1 THEN TLIKES = TLINES ¢ *CSEYTRA DATA LINES?® ° HMark data that exceeds original nuever of lines
§OSUB 1120 * PRINT TLINE
HEKD

QUT DPI, ACKI:* Do one more ACK to allow DR to finish

530 7

549
530
560
870
480
£90
100
740
120
130
140
750
760

kal)

790
800
810
820
830
840
850
860
870
860
890
§00
910
920
930
940
950
960
970
980
990

Yoomee QUIT ~oe-

IF PRHTRY THEK LPRINT FF$ ' Qutput a foratfeed

CLOSE €3

PRINT®Is this date satistactory Y°;STRIKGS(3,BKSPS);sINPUT ANSS:IF INSTRANSHERS,ANSS) = O THEN 103 ' ASK USER FOR *OK°
IF BKI THEK 700 * Skip converting data if error has occured

CHAIN °DRIK2DKP.BAS®, ALL ° Convert data string to parsed inforaation.

ERD

*$39283SUBROUTINESTRSEYS
° SUB ~ Input first line ---—-
* LINES 860 THRU 920 HAVE TIKE CRITICAL CODE,
# LIKE @40=) YAIT FOR CHARACTER TO BE RECEIVED (TIHE WAIT)
* LINE B70=) CHECK FOR OVER-RUN STATUS
® LIKE 8680=) GET CHARATER
* LINE €90=) RETURN IF TINER RAN OUT
® LIKE 900=) 1S IT °CR® THEX EXD OF RECORD
* LINE 910=) CHECK FOR KEYBOARD IKTERUPTION
* LIHE 920=) HAKE TLINES, AND CHECKSUM. B0 BET MEXT CHARACTER .
BHILE CINP(STL) AKD 11 = ZIPY: HEND *  Hait for transeitter ready
guT DPL,RESPL * . Send response to DR
TLINES = °* *  Clear line record bufter
CxSunl = 11P1 *  Reset checksua for new record
K1 = §000: WHILE {(IHP(STI} AND THOI)=ZIPL) AND (KL > IIPZ}: KI = KI - ONEI: WEWD
IF (IKP(STI) AMD 143¢> 71PL THER OUT STI,4H35: PRIKT °88 G-R 38°
CHAR = TNPIDPL)
IF K1 = O THEX RETURK
IF CHAaR = CR THENM 970
IF INKEYS <) *° THEW ERROR
TLIMES = TLINES + CHRS(CHAR): CXSUNL = CHSUKL ¢ CHAR: G0TO 870

* END OF RECORD processing
WHILE (IKP(STL) AND 2)=11P1: WEWD * wait for line feed char
CHAR = THP(DPL}: * get the line feed
LASTCHAR = LEN(TUINES)s *  get length of data string

1000  LSTCOWHA = LASTCHAR: ' initialize comsa pointer
1010 COHd= KIDS (TLIKES,LSTCOHKA,OHEL)



102¢ BHILE CORs O °,°

1030 CKSUKY = CESURT - ASCALORS)

1640 LSTCOmA = LSTCONMA « GHCY: °  resove checksus chars ¢ros ghsus and {ind

1050 cons = AIDS(TLINES LOTCOMRA, ONEZ): °  the transaitted checksue field

1060  HERD

1070 ' _

1080 * ‘kesponse is ACK it checksua is correct, else WAL and repeat untsl we gel 1t richt

1090 IF CXSURI=VAL(RIGNTS (TLINES,LASTCHAR-LSTCOMRA)) THEN BESPI=ACKYI: PISPLAYS = © ATI°: ELSE RESPI=NANI:DISPLAYS = * way
: BOSUR 1120: 6070 740

1100 RETURK

1o’
1120 7 PRINT TLIKE

130 °

1140 PRINT TLIKES;TAB(60);CISURT;TAB(70);RESPL:DISPLAYS * DISPLAY DATA

1150 IF PRHTRY THER LPRINT TLIKES;TAB(60); CHSURY; TAB(701;RESFL; DISPLAYS * PRINT DATA

1160 RETURN

1170 PRIKT ERR,ERL:PRINT "COMRUNICATION INTERUPTED®: BKY = -): RETURN ° HANDLE ERROK INCLUDING KEYBOARD IKTERUPTIONS

TYPE DRLIN.ASH

33882 PGH: DRLIN.ASH $3888888¢8 850304 8338833¢ LISTING #3
H

s ASY SUBROUTIKE FOR DATA IHPUT FROMH DR

1PEH START AT 400000, 9C40H

sDATA STORABE START AT 450580, BOGOH

wp we

BRE 400000 ; Addr for call 4ros BASIC progras
PUSH  PSH 3

PUSH ;

L1 t;0B000H; String pointer

BEBIN N 005 #ait for character

H
1
AN] 002 H
a1 BEGIN ;
I 004 ; Input character
Hov i s Store it
INX H + hove stere poiater
£rl O&H s I it a linefeed
dNl BEEIK  ; Mo, gel another cheracter
§
pOP ¥ 3
poP PSK 3
REY H



0 ° 50358 10 OSBORME UPLOADER 2/15/83 LISTING #4
W ERROR 60TO 900
w 10PORTI=3
0 FONORKI=PEEK (10PORTY)
0 1000MKI=kHeL
;0 ACr$=CHRE(6)
0 HACK$=CHR$(21)
30 CRe=CHRE(13)
10 BRSPS=CHRS (8)
{00 ANSWERS=® yesYES®
110 11P1=0:ONET=13T¥01=2
120 BKI=0: ERRFLAGL = 0
130 °
140 * SETUP PORY AND PROAPT USER
150 ¢
160 OPEN °0°,3,°DRIN.DAT® * QPEX QUTPUT DATA FILE
170 PRINT CHRS(26) * CLEAR THE SCREEK
180 PRINT YAB(IS1°DROUNP upload probe data®:PRINT:PRINT
190 PRIHT °Set OR baud rate to 300bps.®
200 PRINT °Connect the cable to the DR.®
210 IHPUT °Enter the date ea/dd®;DATELS
220 PRINT €3,BATELS .
230 PRINT:PRINY
240 PRINT °PROBE DATA®;TAB(45); °RESPONSE®
250 PRINT STRINGS(S2,°~")
740 ° Reaotely activate PRINT CD on DR,
POKE 10PORTY, 10COART: PRIKT *p®:FOR X = 1 TO §000: NEXTs PRINT °p’
260 FOR £ = § YD 1000 WEXT: PRINT CRes FOR % = § TO 1000: NEXT: RESPS = CR¢
290 JuKs=IHKEYS © Collect garbage off serial port. -
300 * .
310 ° cwmmee [HPUT DATA T0 “DRIN.DAT® wooowe
320 °
330 WHILE BKI = 0 ° GET RECORDS TILL TIREOUT
340  605UB 540 ° GET ALL THE RECORDS FROK THE DR AND PUT THEM IN THE FILE DRIN.DAT
350 IF BKY = § THEW 380 ° CHECK FOR TIREOUT
340  PRINT 43, TLIKES
376 6OSUB 830 ° PRINT TLINE
380 wEHD
3% °
:Og POE T0PORTY, T0CORNI:PRINT ACKS:POVE T0PORTL,JONORKI ° DO ONE WORE ACK TO ALLOW DR YO FINISH
l [
420 °
430 ° quIt
440 CLOSE 43
§30 PRINT °fs this data satistactory Y°;STRINGS(3,BLSPS);sINPUT ANSSsIF THSTR(AWSHERS,ANS$) = O THEN RUN ° ASK FOR USER *OK°
460 IF ERRFLABY THEM END
470 CHAIN °DRIK2DAP.BAS®,ALL * CONVERT DATA STRING YD PARSED INFORMATION.
480 EXD
490 °

300 ° ew=—oe 1HPUT SUBROUTIKES —x=oe




O REM DRDUMF 3/6/85 FOR APPLE 11 LISTING #5

W/ SUPER SERIAL CARD NO 80~-C0OL CARDS
O REM
‘W REM  INITIALIZATION
O REM
5 RS = 6: REM SET RESFONSE DEFAULT
& DIM TL$(279): REM MAX # OF RECORDS 279
0 SLOT = 3: REM SLOT # 0OF s5C
O DK% = CHR$ (4): REM DISK COMMAND
%5 GOSUER 1000
O CHM$s = CHR% (1): REM SSC COMMAND

O PRINT DK$;"FR&¥":SLOT: REM ACCESS SERIAL CARD

O  FRINT CHM$;"6 BAUD": REM SET ERAUD RATE TO Z00 EBFS

00 FRINT CM$:"4 DATA": REM 8 DATA BITS, 2 STOP HRITS

10 FRINT CM$: "0 FARITY": REM NO FARITY

20 PRINT CHM$;“LF DISABLE": REM NO AUTO LINE FEEDS

21 FRINT CM$"ECHDO ENARLE": REM FRINT TQ SCREEN

22 PRINT CHM$"MASK ENABLE": REM MASK OUT IN COMING LINEFEEDS
25 PRINT CHM$"ZAFP": REM DISABLE COMMAND CHARACTERS

30 FRINT DK$:; "FR#0": REM RESET TO SCREEN

40 REM

50 REM FUT UF HEADERS
50 REM

70  HOME

3¢ HTAR 7: PRINT “DRDUMFP UFLOAD FROBE DATA®
70 PRINT : PRINT

20 PRINT "SET DR EBAUD RATE TO 300 BPS.* - .
1Q  PRINT “CONNECT THE CABLE TO DR."
20 INPUT "ENTER DATE => “:DT%

30 PRINT : PRINT “DATA";: HTAR 32: PRINT “RESPONSE": PRINT

woraoa 38

1O ?DKE 34,9: REM SET SCROLLING WINDOW

?7 REM o
B REM  START DUMFING DATA
9 REM

0 PRINT DHS"PR#*3:SL0T: PRINT DK$“IN#“;SLOT

4 REM  TURN ON PRINT CD REMOTELY

15 PRINT CHR$ (112)3: FOR X = 1 TO 100G: NEXT : PRINT CHR$
12)3: FOR X = 1 TO 1000: NEXT : PRINT CHR$ (13)3: FOR X =
TO 1000: NEXT : PRINT CHR® (13)3: FOR X = § TO J00: NEXT

e L= 0 &  INPUT TL$(L): GOSUR 1500: IF RS = 21 THEN FPRINT
HR$ (RB) 3: GOTD S06: REM GET FIRST LINE

7 O FOR L = 1§ TO val (TL$(0)) - 1

183 FRINT CHRS$ (R87§= REM SEND RESPONSE

O & INPUT TLs(L): REM GET DATA FROM PROBE

0 GOSUR 1S50Q: REM COMPUTE CHECKSUM &% RESPONSE

S IF RS = 21 THEN 508: REM IF NAEK GET AGAIN

B ONEXT

Wb FRINT CHR$ (&): REM TURN OFF PRORE

7 PRINT DKS"PR#0": PRINT DK$"IN#0*: REM RETURN APPLE TO
IRMAL. *
¢ BOSUR S000: REM WRITE DATA TD DISK

£ TEXT =@ END
’; REM



oo  REM

yoO0 FRINT DVE“BLOAD INFUTDR.AMF“: REM GZT AMFERSAND ROUTINE

YO INPUT SERIAL DATA

$010 FRINT DHE"RLOAD INFUTDR. AMF*

1pa0  POEE 10102.76: FOE 1014,.0: FOVE 101S,.7: REM  POINT &
CTOR TO FAGE t300(7e08 DECIMAL)

1050 RETURN

1487 REM

1498 REM COMFUTE CHECKSUM & DETERMINE RESFONSE

1499 REM

1500 CK = O: FOR X = 3 TO LEN (TLe(L)):CH = CF = ASC ( MIDS

(TLE (LY X 1)) s NEXT

1509 RKEM  LOOY FOR LAST COMMA

1510 FOR L2 = LEN (TL2(L)) TO © STEFR - )

1520 IF MIDS (TL$(L) . LK.1) = * " THEN CS = VAL ( RIGHT® (TLs(L),

LEN (TLS(L)) - LIzl = O: GOTO 15350 '

1530 CK = CK - ASC ( MIDS (TLE(L).ut, 1))

1550 NEXT

1559 REM IF CHECKSUMS MATCH SEND AN ACH

1560 IF CK = CS THEN RS = &: GOSUR 2000

1569 REM IF CHECHSUMS DON'T MATCH SEND A NAK

1570 IF CK < > C8 THEN RS = 21: GAOSUR 2100

1580 RETURN

1997 REM

1998 REM SEND ACK TO SCREEN

1999 REM

2000 CH = FPEEI (40) « PEEK (41) 3 5%

2010 CH = CH « 37

2011 FPOKE CH. ASC ("A") « 128B

~012 POKE CH +« 1, ASC ("C") + 128
JI3 POKE CH - 2. ASC ("K*) =+ 1R

2020 ALl - 92

2030 RETURN

2097 REM

2098 REM SEND NAK TD SCREEN

2099 REHM

2900 CH = PEER (40) «+ FEEKR (41) x 256

2110 CH & CH « =7

2111 FOKE CH. ASC ("N*") =+~ 128

2112 POKE CH <« 1, ASC (“A*) + 128

2813 POKE CH + 2, AST (*R™) - 128

=120 CallL - 926

2130 RETURN

4997 REM

4998 REM WRITE DATA TO DISK FILE DUMF,DATA

4999 REM

S000 PFRINT "WRITING DATA TO DISK...®

S00S  PRINT DKe“OPEN DUMP.DATA"

5010 FRINT DEE*WRITE DUMP.DATA™

2015 FRINT DTs

G020 FOR X = O TD VAL (TLe(O)) = 31: FRINT TLE(X): NEXT

SO0 PRINT Ditge“CLOSE"

5040 RETURN
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Ity PREGIN 1 W I REVY GoRme Seer Y W OUS W
20 °
30 ¢ IKITIALIZATION
40 °
50 DEFIKT A-1
50 CLEAR 10000
70 TH = 5002 KU = 0
80 ACK = b: NAK = 213 CR = §3: MO = 0: MY = §: §2 = 2
50 €1 = 16872: £0 = 16880
100 °
§10 * SET UP SCREEN. AND SET CORHUNICATION mODES
120 °
130 CLS
140 PRINT TAB(20),°DRDUHP FROKM HYDROPROBE®: PRINT: PRINT
$50 PRINT °COMNECT CABLE 10 DR®
§60 PRIHT °SET DR TO 300 BAUD®
§70 INPUT °ENTER YHE DATE°3DATELS
£80 IKPUT °DO YOU HANT & HARDCOPY®:ANSS
190 IF ANSE = °Y° OR ANSS = °y® THEK PRHT = (iz})
200 PRINT: PRIKT °DATA®3TAB(581°RESPOKSE®
210 PRIKT STRINGS(65,°~")
220 1F PRNT THEK LPRIKT TAB(25)1°PROBE DATA FRO# °:DATE{s
“7% IF PRNTY THENM LPRINT °DATA®;TAB(58)°RESPOKSE®

. IF PRNT THEW LPRINT STRINBS(45,°~°)
250 OPEK °0°, 43, *DRIN.DAT®
260 PRINY 83,DATESS
270 POKE 16889,159 ° B DATA 2 STOP KD PARITY
280 POKE 16888,¢16851¢3 ° 300 paud
290 POXE 14890,0 ° DON°T WAIT
300 DEFUSRO = &H3A: X = USR(D)
310 DEFUSRI = &H50: DEFUSR2 = &HSS
320 °
330 * TURK OX DUMP REROTELY
340 °
350 POKE CO,ASC(°p®heX = USR2UOISFOR X = § YO J000:NEZT:POKE £0,ASC{%p®ieFOR 1 = § TO JO00:HEXT
366 POKE C0,E8:% =USR2(01:FOR I = § TO 1000:NEXT:R = CR
370 °
380 ° GET THE FIRST LIKE OF DATA
390 °
400 GOSUB 860
410 60SUB 920
420 PRINT 43,TLs
430 €T = vaL(TLY)
440 °
450 ° BET THE REST OF THE DATA
440 °
470 FOR €D = CT~1 10 § STEP -§

A 6OSUB 660
o £0SUB 920
500 PRIKT 43,TL$



310 K2

%20 POKE £C,ACK

930 1 = UsR2(0

340 °

350 * CLOSE FILES AND QUIT

a0 !

S70 CLOSE €3

380 IF PRNT THEM LPRIKT CHR$(12)

390 PRINT *J5 THIS DATA SATISFACTORY®;

600 ANSS = INKEVS: IF ANSS = °° THEN 400 ELSE PRINT ANSS

810 IF ANSS <) °Y® AKD ANS$ <) °y® THER 10

620 ERD

630 *

640 * DOWNLOAD DATR RECORD OHE LIHE AT A TIHE

850 °

£40 POKE LO,R

670 1 = USR2{(0)

660 TLs = °°

690 KU = 0

700 £K = HO

710 X = USRI(0}s CK = PEEK(CI)

720 IF O = © THEN KU = RU ¢ §

730 IF WU > TH THEN MU = 0: R = KAKs GOSUB 920: 6070 640

740 1F CK = 0 60TO 710

750 IF CH = CR 60TO 620

760 LS = TL$ + CHRE(CK)

770 O = CK ¢ CK

780 BOT0 710

750 °

800 * COMPUTE CHECKSUX FIND RESPDNSE

1o *

€20 X = USRI(O}: CN = PEEX(CI)s IF CK = 0 GOTD £20

830 LC = LEX(TLS)

820 CP = LC

856 Cns = HIDS(TLS,CP K1)

860 IF CHS € °,° THER L¥ = CF - ASC(CHS): CP = CF - 13 GOTO 850
870 IF X = YALIRIBHTS(TLS,LC-CP)) THEN R = ADK ELSE R = HAK: 6OTD 660
880 RETURN

890 *

90¢ * PRINT DATA RECORD

910 ° ‘
920 PRINT TL$; YAR(A3);:IF R = ACK THEW PRINT °ACK® ELSE PRINT “KAY®
930 1F PRKT THIK LPRINT TLSTAB(E3);eIF R = ACK THEN LPRINT °ACK® ELSE LPRINT *HAL®
940 RETURK



DRINZDHP.BAS 3/11/83

1y KDL(300),DP(100)
.8 PROCEDURE 3388 LISTING #8

COMVERT DRIK.DAT TO DRDUHP.DAT

OPEKX °1°,3,°DRIN.DAT" * open probe info file
INRUT 43, DATELS
INPUT #3,NR,CDS, SN, UNS, STC KDATAT, DEPTHSY, CESUKL * get header info
DASHI=INSTR(LDS, °~*} * FIKD VERSION
IF DASHY = O THER LXSI = (i=1} ELSE LKSI = (1=2) ' SET LINES WUMBERS FLAG FOR INPUY
IF LHST THEK NUKCALSY = 9 ELSE NUKCALSI = §7 * SET HURBER OF CALIBRATIONS,
FOR 3122 TO KUNCALSI .
IF LUSL THEN INPUT #3,CALY,SL,YINT,CKSURI ELSE INPUT 83,LNI,CALYL,SL YINT,CHSUNT °  get all the calibration snfo
HEXT
OPEK *0°,2, °DRDUNP.DAT® ' open the output {ile
PRINT 42,DATELS
PRINT §2,DEPTHSY®, "KDATAI-] * write § of data records, & of depths per recerd
BHILE MOT EDF(3) * transfer info
IF LRSI THEN INPUT &3,1D%,CALT ELSE INMPUT 43,LNI,10%,CALY
FOR TY=KDATAIL TO § STEP -{
INPUT 43, KDL(EY) * get all key fields
HEXT
FOR IZ=DEPTHSI 10 § STEP ~1
INPUT 43,0P€11) * get the depth readings
HEXT
IHPUT 3,CKSURY *  get the checksua
FARHI=INTCIDI/100) * parse the fare ¢
FLOL=1DE-(1004FARKLY * parse the field §
SITEI=KDI(XDATAL) * get the site § -
PRINT 42,FARKY;®,°3FLDZ; %, "sSITEL;®, %5 ° output fare field,site into
FOR 1Z=1 TD KDATAI-}
PRINT $2,KD1(121",%;
NEXT
FOR JI=1 TO DEPTHSI
“PRINT €2,DP(11);%,%; * output depth readings
REXT
PRINT €2,CKSUKY * output checksus (end of record)
HEND
£LOSE
RUN ®DREORKI® ° OR RUN WHATEVER PROGRAM YOU HISH
EXD
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CABLE, GENERAL PURPOSE

DRSO3 conn, CABLE RS232 conn. DPZ5S
1 PROTECTIVE GROUND

SERIAL INPUT 4L < BsLu 2 TXD
SERIAL OUTPUT 3 GRN > 3 RXD
ENABLE 7 < YEL 4 REQUEST TO SEND
+10 vV 1 OR==+ > 5 CLEAR TO SEND

[=—> 6 DATA SET READY
GROUND 2 < BLK > 7 GROUND

AR A R A R AR R R AN A A A AR AR KA AR A A AR A A A AR AR R KA AR R AR RS KA RAR AR d kb dkhok

HRR AR A A I AR A A AR A AR AR AR AR AL A AT R R A AR TR A A AR R AR RS AR R TR ARk k%

CABLE, GENERAL PURPOSE

DRSO3 conn, CABLE RS232 conn. DP2SP
1 PROTECTIVE GROUND

SERIAL INPUT L < BLY 2 TXD
SERIAL OUTPUT 3 GRN > 3 RXD
ENABLE 7 < YEL 4 REQUEST TO SEND
+10 v 1 OR==—tmew> 5 CLEAR TO SEND

[==> 6 DATA SET READY
GROUND 2 < BLK > 7 GROUND

R R R Rt R R S R S g s e S Y R Y e L S S LT

e T
CABLE, VECTOR GRAPHICS 4, J1 MODEM CONNECTOR, 300 BAUD

DR503 conn. CABLE - R$232 conn. DP25P
1 PROTECTIVE GROUND

SERIAL INPUT L < BLU 2 TXD
SERIAL OUTPUT 3 GRN > 3 RXD

NC Cweme 4 REQUEST TO SEND
+10 v 1 OR==dmm’> 5 CLEAR TO SEND

[===> 6 DATA SET READY

GROUND 2 < BLK > 7 GROUND

NC == 20 DATA TERMINAL READY

ENABLE 7 =—~—=YEL NC

********* AA A LA D A A S A AN N AR AR A NANARNANRAR AR ARARANKARANRAARARRARSEARNARRRANRNAGAN R RN AR
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3LE, VECTOR GRAPHICS 3, J2 PRINTER CONNECTOR, 300 BAUD

...o03 conn. CABLE RS232 conn. DP25P
1 PROTECTIVE GROUND i

SERIAL OUTPUT 3 GRN > 2 RXD
SERIAL INPUT 4 < BLU 3 XD
+10V 1 meogomm QR e > & CLEAR TO SEND

: NC Cowmw S REQUEST TO SEND

| NC == 6 DATA TERMINAL READY
GROUND 2 < | BLK > 7 GROUND

lﬂww ~~~~~~~ > 20 DATA SET READY
ENABLE 7 Lmmmme YEL NC

**;****************&&*****&*****#ﬁ*****w******k*******&&*****w**********

*************************&w********************&**«*&***********ww***ww*

CABLE, D~CAT MODEM, 300 8AUD

DRSO3 conn. CABLE RS$232 conn., OP2SP
-<RIAL OUTPUT 3 GRN > 2 TXD
SERIAL INPUT 4L < BLU 3 RXD
NC oo 5 REQUEST TO SEND
NC Leooom 6 DATA SET READY
GROUND 2 < BLK > 4 GROUND
NC Lwewe 8 CARRIER DETECT
+10V 1 woomonss YR e SN
ENABLE 7 Cowm=¥YEl  NC

L g g L aa a2 Ll g D e g e s
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CABLE, SIGNALMAN MODEM, 300 BAUD

DRSO3 conn. CABLE RS232 conn. DP25S
SERIAL OUTPUT 3 GRN > 2 TXD
SERIAL INPUT 4 < BLU=- 3 RXD
NC e 5 REQUEST TO SEND
NC <==- 6 DATA SET READY
GROUND 2 Ko BLK == > 7 GROUND
NC oo 8 CARRIER DETECT
+10V T OR~=>NC
ENABLE 7 mwvomen YEL NC
AT A AR AR R TR R AR R RARARRRARRR A AR TR AR A Aok Fk vt drded do sk dese s o o e ded e e de ok

************************************************************************

CABLE, IBM PC ASYNC COMM ADAPTER, 300 BAUD

DR503 conn. CABLE RS232 conn. DPZ5S
1 PROTECTIVE GROUND

SERIAL INPUT 4 < BLU 2 TXD
SERIAL OUTPUT 3 GRN > 3 RXD

NC Koo 4 REQUEST TO SEND ) -

NC o===> § CLEAR TO SEND

NC ===> @ DATA SET READY
GROUND 2 < BLK > 7 GROUND

NC == 20 DATA TERMINAL READY
+10v 1 wmmmna(R-> NC
ENABLE 7 L=—===YE[L NC

i e R R X 3 R R b T BT Sy

f
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